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SYNCOM ELECTRONIC PARTS RELIABILITY CONSIDERATIONS 
Summary 
This  r e p o r t  very b r i e f l y  desc r ibes  t h e  Syncom I S a t e l l i t e  
and t h e  manufacturer 's  p a r t s  r e l i a b i l i t y  program, and lists t h e  
e l e c t r o n i c  p a r t s  used i n  i ts  cons t ruc t ion .  
Spacecraf t  Descr ipt ion 
a )  General  
The Syncom I Spacecraf t  w a s  developed t o  demonstrate t he  
f e a s i b i l i t y  of a "s ta t ionary"  sa te l l i t e  which permits  con- 
t inuous  communication be tween widely separa ted  p o i n t s  on t h e  
su r face  of t h e  ear th .  The s a t e l l i t e  is placed i n  a c i r c u l a r  
o r b i t  having p r e c i s e l y  t h e  same r o t a t i o n  per iod  as t h e  e a r t h ,  
and i n  a plane inc l ined  about 33O from t h e  e q u a t o r i a l  plane.  
The s a t e l l i t e  remains s u b s t a n t i a l l y  a t  t h e  same longi tude,  a t  
a d is tance  of about 22,750 nau t i ca l  m i l e s  from the  center of 
t h e  e a r t h ,  and o s c i l l a t e s  about 33O nor th  and south of t h e  
equator .  
The sa te l l i t e  is equipped with a hydrogen-peroxide fue l ed  
pu l se - j e t  s y s t e m  which can be c o n t r o l l e d  by ground command t o  
achieve t h e  exac t  o r b i t a l  period, a t t i t u d e ,  and p o s i t i o n  
desired. A compressed ni t rogen s y s t e m  is provided as  a f i n e  
c o n t r o l  f o r  making small  o r b i t a l  and a t t i t u d e  co r rec t ions .  
I n  t h e  event of f a i l u r e  of t h e  n i t rogen  s y s t e m ,  c o n t r o l  can 
be maintained w i t h  the  peroxide s y s t e m  alone.  The peroxide 
s y s t e m  is capable of a t o t a l  c o r r e c t i o n  (sum of a l l  v e l o c i t y  
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changes) of about 350 f t . / sec .  and the  n i t rogen  s y s t e m  capac- 
i t y  is about 40 f t . / s e c .  
b) Communications System 
The communication system c o n s i s t s  of 2 redundant frequency- 
t r a n s l a t i o n  t ransponders  each of which r e c e i v e s  s i g n a l s  on two 
d i f f e r e n t  c a r r i e r s  (7445.275 and 7447.000 Mc/s) and r e t r a n s m i t s  
these s i g n a l s  on two lower carrier f r equenc ie s  (1886.275 and 
1888.000 Mc/s), w i t h  a nominal t o t a l  ou tput  power of 2 w a t t s .  
Each channel has  a bandwidth of 500 K c / s .  I n  a d d i t i o n  a 
r e fe rence  C . W .  s i g n a l  (1881.953 Mc/s) der ived  from t h e  s a t e l l i t e  
master osc i l la tor  is t r ansmi t t ed  f o r  use as a beacon and f o r  
range and range-rate measurements. 
c )  Telemetry System 
The s y s t e m  c o n s i s t s  of two redundant 136 Mc/s t r a n s m i t t e r s  
and encoders t o  t ransmi t  propuls ion gas  p r e s s u r e s ,  v a r i o u s  
temperatures,  v o l t a g e s  and c u r r e n t s ,  solar  a spec t  sensor  o u t p u t s ,  
and pu l ses  t o  v e r i f y  execut ion of commands c o n t r o l l i n g  v a l v e s  
i n  t h e  propulsion s y s t e m s .  
d )  Command System 
Two redundant 148 Mc/s command r e c e i v e r s  and a decoder 
conta in ing  redundant tone f i l t e r  channels  r e c e i v e  and.decode 
commands w h i c h  t u r n  communications r e c e i v e r s  and t r a n s m i t t e r s ,  
and te lemetry t r a n s m i t t e r s  and encoders  on and o f f  as  r equ i r ed .  
Commands also c o n t r o l  t h e  va lves  t o  pulse  t h e  j e t s  of t h e  
peroxide and n i t rogen  propuls ion s y s t e m s .  
. 
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e)  Control  System 
The c o n t r o l  sys tem provides a means of a d j u s t i n g  t h e  
o r b i t a l  v e l o c i t y  of the  spacecraf t  t o  achieve the  exac t  
synchronous o r b i t  and pos i t i on  r e l a t i v e  t o  t h e  earth.  I t  
a lso provides  f o r  ad jus t ing  t h e  o r i e n t a t i o n  of t h e  spacec ra f t  
a x i s  so t ha t  the  communications antenna beams are d i r e c t e d  
toward t h e  earth.  
the Hydrogen Peroxide System, and the Nitrogen (cold gas)  
System. Each has  a radial je t  for  producing t r a n s l a t i o n  of 
t h e  s p a c e c r a f t ,  and an o f f  c e n t e r  a x i a l  j e t  f o r  producing a 
torque f o r  changing the o r i e n t a t i o n  of t h e  a x i s .  The je ts  
are pulsed by ground c o n t r o l  through the  command system. 
The control system c o n s i s t s  of two u n i t s ,  
The aspec t  of t h e  spacec ra f t  is determined b y  pu l ses  
received v i a  t h e  t e l e m e t r y  s y s t e m  from an array of 5 sun 
sensors .  Four of t h e  sensors  i n d i c a t e  angular p o s i t i o n  about 
the s p i n  a x i s  r e l a t i v e  t o  the  sun l i n e ,  w h i l e  the  s i g n a l  
from t h e  f i f t h ,  i n  conjunction w i t h  the  s i g n a l  from one of the 
o t h e r s  g ives  t h e  i n c l i n a t i o n  of t h e  a x i s .  
In  order  t o  change t h e  v e l o c i t y  of t h e  spacec ra f t  the  
radial  j e t  (which has its t h r u s t  l i n e  through the c e n t e r  of 
g r a v i t y )  is pulsed a t  the  appropr ia te  t i m e  dur ing each 
revo lu t ion  of the  spacec ra f t  by s i g n a l s  generated by t h e  
ground support  equipment. A n  a l t e r n a t e  mode is provided as 
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a back-up t o  be used if the  normal system f a i l s .  
direct puls ing  of t h e  j e t s  by s i g n a l s  f r o m  t h e  sun senso r s ,  the  
appropr ia te  s enso r s  being selected by ground command. 
T h i s  permits 
In order to change the o r i e n t a t i o n  of the  spacecraft a x i s ,  
one of the of f -center  a x i a l  je ts  is pulsed i n  a s imilar  manner. 
This causes  a small  change i n  the  orb i ta l  v e l o c i t y ,  bu t  a cor- 
r e c t i o n  can be made for t h i s  i f  necessary by us ing  the  radial 
jets. 
Power Supply System 
The power supply c o n s i s t s  of an array of s i l i c o n  P on N 
solar cells protected by .006 i n .  glass, and mounted on the  
c y l i n d r i c a l  su r f ace  of t he  satel l i te  s t r u c t u r e .  A nicke l -  
cadmium battery (17 w a t t  hours) is provided t o  supply power 
during earth-shadow periods, and t o  provide the  high peak 
c u r r e n t  requi red  during the  launch sequence for i g n i t i n g  the  
rocket motor. The ba t t e ry  c o n s i s t s  of t w o  p a r a l l e l  s t r i n g s  
of cells, each w i t h  its own charge c u r r e n t  c o n t r o l .  A diode 
isolates each s t r i n g  from the power bus i n  t h e  event  of 
f a i l u r e  . 
Two redundant r e g u l a t o r s  supply the command r e c e i v e r s  
and decoders. 
Separate vol tage  r e g u l a t o r s ,  which also func t ion  as 
switches, supply power t o  each te lemet ry  t r a n s m i t t e r ,  each 
encoder,  each communications r e c e i v e r  and each communications 
- .  
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t r a n s m i t t e r .  The r e g u l a t o r s  a re  turned on and off as  requi red  
by s i g n a l s  from the command s y s t e m .  
The power supply is designed t o  maintain continuous 
opera t ion  of one communication system w i t h  15% degradat ion of 
t h e  s o l a r  ce l l s .  
Propulsion System 
The Syncom I is designed t o  be launched i n t o  an e l l i p t i c a l  
t r a n s f e r  o r b i t  by a Thor-Delta veh ic l e .  A s o l i d  p rope l l an t  
"apogee k ick  motor" a t tached  permanently t o  t h e  spacec ra f t  is 
f i r e d  by a p r e s e t  t i m e r  or a command s i g n a l  a t  o r  near the 
apogee of the t r a n s f e r  o r b i t  t o  add the v e l o c i t y  necessary f o r  
a c i r c u l a r  synchronous o r b i t .  
P a r t s  R e l i a b i l i t y  Considerations 
Standard E lec t ron ic  P a r t s  
A l l  "standard" electronic p a r t s  used i n  spacec ra f t  are 
purchased t o  s p e c i f i c a t i o n s  prepared by t h e  Hughes A i r c r a f t  
Company from vendors qua l i f i ed  by Hughes. These are based 
on m i l i t a r y  s p e c i f i c a t i o n s ,  but are more comprehensive, and 
include requirements f o r  demonstration of the  s u i t a b i l i t y  of 
t h e  p a r t  f o r  operat ion i n  a space environment. Examples of 
such a s p e c i f i c a t i o n  are given i n  Appendix I .  
A l l  p a r t s  are subjected to thorough incoming inspec- 
t i o n ,  are assigned Hughes p a r t  numbers, and are placed i n  a 
bonded store. 
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Spec ia l  P a r t s  
Spec ia l  e l e c t r o n i c  and electro-mechanical  p a r t s  f o r  
which no background r e l i a b i l i t y  information is a v a i l a b l e  are 
given an ex tens ive  series of t es t s  t o  provide as  much 
r e l i a b i l i t y  information as p o s s i b l e  i n  t h e  a v a i l a b l e  t i m e .  
The t r a v e l i n g  wave tube ,  antenna swi tch ing  re lay ,  and j e t  
v a l v e s  f o r  t h e  propuls ion system have been thoroughly tested. 
For example, i n  order  t o  estimate t h e  r e l i a b i l i t y  of t h e  
I 
t r a v e l i n g  wave tube ,  accelerated l i f e  tests were performed 
by  opera t ing  some sample tubes  a t  heater power (and therefore 
cathode temperature) considerably above normal. O t h e r  t u b e s  
I w e r e  operated a t  normal vo l t age  as  a c o n t r o l .  Some tubes  
remained on l i f e  test f o r  almost one year .  The tubes  were 
a l so  t e s t e d  a t  v i b r a t i o n  l e v e l s  cons iderably  exceeding those 
I expected during launch. 
I n  t h e  case of t h e  antenna swi tch ing  relay and j e t  v a l v e s ,  
a tes t  plan w a s  carried ou t  t o  determine t h e  e f f e c t s  of pro- 
longed exposure t o  t h e  space environment on t h e s e  dev ices  
s i n c e  there was danger of "cold-welding" of c o n t a c t s ,  or 
excess ive  f r i c t i o n  between moving p a r t s .  Relays designed f o r  
R.F. switching were found t o  be u n s a t i s f a c t o r y  f r o m  a r e l i a b i l -  
i t y  s t andpo in t ,  so  a s tandard  D.C .  type re lay  w a s  adapted 
f o r  t h i s  func t ion ,  and s u c c e s s f u l l y  passed t h e  environmental  
and l i f e  tes ts .  
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P a r t s  L i s t  
Appendix I1 is a list of Elec t ron ic  P a r t s  used i n  
Syncom I .  This  list is reproduced f r o m  Syncom I R e l i a b i l i t y  
Report  #3 - March 1963 - published by the  Hughes Aircraft 
Company, and shows t h e  p a r t s  used i n  each subassembly. 
Appendix I11 is a summary of t he  list i n  Appendix 11, 
showing only the  t o t a l  number of each type of p a r t  used. 
Appendix I 
Examples of Manufacturer's Parts 
Procurement Specifications 
1. SCOPE 
1.1 This spec i f ica t ion  covers u l t ra - fas t  switching, s i l i c o n  diodes f o r  w h i c h  
special reouiremmts (including a 100-percent screening, 240-hour intermit tent  l i f e  
t e s t )  are imposed t o  assure Ferfonnance r e l i a b i l i t y  i n  t h e  space and lunar environmnts 
f o r  which the  diodes are intended. 
D T h i s  average r e c t i f i e d  output current, which is spec i f ied  at  an ambient tempera- 
t u r e  of 25' C, is f o r  an expected l i f e  equal  t o  or grea ter  than 1,OOO hours. 
current  derating at  ambient temperatures higher than 25' C, see Figure 1. 
For 
2. APPLICABLE DOCTJMWTS 
2.1 The following documents of the  l a t e s t  issue i n  effect s h a l l  apply t o  this 





Test Methods f o r  Electronic and Electrical Component Parts 
Semiconductor Devices, General Specif icat ion f o r  
General,- The diode8 s h a l l  met the  requirements spec i f ied  i n  Tables I1 
through IV of this specif icat ion.  
turer's name and/or trademark and with e i ther :  t h e  manufacturer's part number and 
a stripe (or other  su i tab le  designation) t o  i d e n t i f y  the  cathode, or (b)  convent ional l j  
coded color  stripes near t h e  cathode end identifying the  numerical portion of t h e  
manufacturer's part number. 
with gold. 
3.2 .Marking.- The body of each diode s h a l l  be c l e a r l y  marked with the manufac- 
( a )  
Marking a h a l l n s d n  l e g i b l e  after all tests. 
3.3 Lead Haterial.- "he lead material shall be standard-type Duaet, flashed 
3-4 Instabi l i ty . -  During t h e  test specified i n  k.b.3.1, no instability s h a l l  
3.5 
be displayed by the  oscil loscope trace of  the reverse charac te r i s t ic .  
s h a l l  shar no evidence of physical  damage. 
be no s i g n i f i c a n t  differences,  a t  t h e  90-percent level of confidence, between t h e  mean 
values of  Vp and of IR afte? t h e  tes t ,  compared t o  t h e  mean values as measured before 
the  test. 
Hard-Vacuum Environment.- Following the test specified in '  b.k.3.2, t h e  diodes 
Based on a statistical analysis,  t h e r e  s h a l l  
SPECIFICATION CONTROL DOCUMENT 
I I H U G H E S  A I R C R A F T  C O Y ? A W Y  S T A W D A R n  
-X9887 CULVER CITY CALIFOIINIA SEMICONDUCTOR DEVICE DIODE -- 
ULTRA-FAST SWITtHING 
I8 
CAGE I OF 16 
CODE IDENT. NO. 82577 FORM st17 c c  REV. iaeo 
3.6 Low-Tc-p-raiure 3 p o s u r e . -  Oollouinl t he  t e s t  specif ied i n  b.L.3.3, the  
ciiodes s k a i i  show no evieence of ph:y.sical da.sa,e. ?asea on a s t a t i s t i c a l  analysis ,  
tlicrc s h a l l  Se RO s igni f icant  differences,  at  t h e  90-percent l e v e l  of confidence, 
betxeen the  Lean values of VF and of 1, a f t e r  the  t e s t ,  compared t o  t h e  inean values 
as xeasiired before the  t e s t .  
-----X988 CULVER CITY C A L I F O R N I A  SEPlICCi',DC'CTGR DEVICE, DIODE -- 
U LTRA-FAST SWITCHING 
3.? S te r i l i za t ion  Capability.- ?a& pa r t  shall SF? capable of withstan6ing two 
36-kcur cycles of  exposure t o  a temperature of  125"  S, and a 2L-ho2r exposure t o  an 
atms?hDre consisting of a mixture of  1 2  percerlt ethylene ox'de and 88 percent 
trich:orof~lJoronet'nane (Freon 1 2 )  by weight, at  a tenpera ture  of 37.8" 2 and a r e l a t i v e  
humidity of 30 t o  50 percent,  w j  thout aegrada5ion of appl icable  performnce requirements 
(Tho pa r t s  s h a l l  not be s t e r i l i z e d  before shipment.) 
3.8 Cleanliness.- The diodes s h a l l  be del ivered with t h e  surfaces  clean and 
free of o i l ,  grease, or p a r t i c l e  contardnation. 
3.9  Screening Tests.- A l l  diodes s h a l l  have been subjected t o  the  100-percent 
scrc*eni ng t e s t s  spccj f ied i n  Table 11. 
h. CIJALITY ASSIIRANCE PROVISlONS 
7 I f 
PAGE 2 OF 16 
h.1 Class i f ica t ion  of Tests.- 
( a )  Qual i f ica t ion  t e s t s .  (See 4.2.) 
(b)  Acceptance t e s t s .  (See 4.3.)  
The inspection and t e s t ing  of t he  diodes s h a l l  
be c l a s s i f i ed  as follows: 
4.1.1 Additional Tests.- Nothing s h a l l  prevent t h e  manufacturer from taking 
such addi t ional  sazples  and performing such addi t ional  tests a s  he may deem necessary 
or des i rab le  t o  assure  conformance t o  the  requirements of t h i s  spec i f ica t ion .  
t e s t s  may be conducted by Hughes Aircraft Company t o  v e r i f j  da ta  submitted by the  
manufacturer. 
Additiona 
4.2 Qual i f ica t ion  Tests.- 
ance of the  specif ied qua l i f ica t ion  t e s t s .  
Group A ,  B, and C tests spec i f ied  i n  Tables 11, 111, and IV, w i l l  be conducted by, or 
a t  a laboratory designated by, Hughes Aircraf t  Company, t o  deterrnine whether t h e  diodes 
meet the  reauirements of t h i s  spec i f ica t ion .  
Hughes Aircraf t  Company i s  responsible for t h e  perform- 
These t e s t s ,  which s h a l l  consis t  of a l l  
4.2.1 Qualification Test Sample and Routine.- The t o t a l  qua l i f ica t ion  t e s t  
sample, consi:ting of 30 specixens which have not been previou.sly subjected t o  the  
in te rmi t ten t  l i f e  tes t  by the manufacturer, s h a l l  undergo a l l  tke  t e s t s  of Group A, 
Subgroups 1 through 4, specif ied in Table I1 ( see  page 8) . Ten of these specimens 
s h a l l  then be subjected t o  the tests specif ied i n  Subgroups 1 throilghs of Group B, 
Table 111. Diodes from t h i s  group of 10 which have not catastroi ,hical ly  f a i l ed  the 
Group B tests s h a l l  be recombined with the  remaining 20 specimens, The combined svnple 
s h a l l  then undergo the  Groun C tests specif ied i n  Table IV. A l l  tests s h a l l  be perfcrmt 
i n  the  order indicated inTab les  11, 111, and IV. 
a f t e r  each qualificetion test spec i f ied  i n  Subgoupt4  of Group A and Subgroups 2, 3, 
and4 of Group B; and a f t e r  eech t e s t  cf Group C. 
4.2.2 Post-Test End Points.- The designated end-point tests s h a l l  be performed 
SPECIFICATION CONTROL DOCUMENT 
I H U G H E S  A I R C R A F T  C O M P A N Y  1 I S T A N D A R D  
4.3 Acceptance Tests.- The nenufar u-er is responsible f o r  gerforming a l l  
specified acceptance t e s t s  before the p a r t s  are shipped t o  Hughes A i r c r d t  Conpay. 
Group A a c c e p t a c e  tests s h a l l  be performed as s p c i f i e d  in Table 11, on each p p r t  
number ordered. The Group B acceptance t e s t s  shall be performed cn part:  se lected from 
each honcgeneous populaticn (manufactming l o t )  from which pa r t s  had been drawn f o r  the 
Group A acceptance t e s t s .  The &cup B teds  may be Ferfcrmed on any p a r t  number l i s t e d  
i n  the part-number table. (The Group C t e s t s  of Table IV s h a l l  not apply.) 
within each subgroup s h a l l  be conducted in the order specified. 
other laborztory f f c i l i t i e s  approved by Hughes Aircraf t  Company. 
f a c i l i t i e s  ana the accuracy of the equ5pmnt s h d l  be s u f f i c i e n t  to assure performance 
of t h e  Group A and B acceptance t e s t s  within the specif ied recui remnts .  
The 
Tests 
4.3.1 Test Equipment 2nd Facil i t ies.-  The manufacturer nay use P i s  am or any 
The qvality of the 
h.3.2 Acceptance Test Sample Selection 
4.3.2.1 100-Percent Screeninr Testz.- A l l  dlodes supplied against  t h i s  specif i -  
cat ion s h a l l  be subjected t o  the 100-percent screening tests s2ecif ied i n  Subgroups 2 
through & of Grou? A. 
acceptame t e z t s  (Subgroup 1 of Group A and Subgroqs 1 tmollgh 5 of Group B) s h a l l  be 
t h a t  minimum sample s ize  l i s t e d  in Table I necessery t o  assure, ulth 90 percent confi- 
dence, the Lot Tolerance l e r cen t  Gefective (LTFD) specif ied in Tables I1 and 111. 
If the s i z e  of the l o t  shipped against  one 
purchase order, f o r  eech p a r t  l i s t e d  i n  the part-number table ,  is  l e s s  tha? the mininum 
zemple s j7e specif ied i n  Table I, acceptance t e s t s  f o r  t h a t  l o t  shall be l i r i i ted t o  
the Group A t e s t s  only, all of which s h a l l  be performed on a 100-percent inspection bas i s  
screening t eF t s  (see 4.3.2.1 a d  4.3.2.3) s h a l l  be eliminated from the l o t .  
4.3.2.2 Sampling Tests.- The number of specimens selected f o r  the remairing 
4.3.2.3 S m a l l  Lot ?rocuremnt,- 
4.3.3 Screening-Test Rejections.- Defectives found during the l o b p e r c e n t  
4.3.k Sampling-Te-t Procedure 
4.3.4.1 Additicnal Saq1es.- After the  t e - t  has s t a r t ed ,  an addi t ional  quantity 
of specimens may be added to the i n i t i a l  surgle, but tnis may be done only Once for 
any subgoup and the added s2ecimens mst be subjected t o  all the t e s t s  within a s u b  
group. 
acce2tance number. 
addi t ive 
t h a t  have f e i l e d  acceptance. 
equal to,  or l e s s  than half  the zpecified i n i t i a l  LTPD. 
inspection s h a l l  not be retested and s h a l l  not be shipped t o  Hcghes Aircraf t  Company. 
jected t c  t he  destruct ive t e a t s  of Group B s h a l l  not be shfp.p?ed t o  Hughes A i r c r a f t  
The f i n a l  t o t z l  sample ( i n i t i a l  and added specimens) s h a l l  determine the new 
The t o t a l  defects of the i n i t i a l  and addi t ional  samples s h a l l  be 
4.3.4.2 Tightened Inspectien.- Tightened inspection may be i n s t i t u t e d  on l o t s  
Tightened b p e c t i o n  i s  obtained by t e s t i n g  t o  an LTPD 
A l o t  which fails t ightened 
Specimens which have been sub- 
and must comply with the s?ecified LTPD. 
4.3.4.3 Disposit ion of Santplj ng-Tect Specimens.- 
cowany. 
The designated acceptance-teyt end points s h a l l  be 
measured a f t e r  the intermit tent  l i fe  test specif ied i n  Subgroim 4 of Groun A ,  and a f t e r  
c o q l e t i m  of all specif ied t e s t s  in each of Subgroups 2, 3, and 4 of Group L. . 
4.3.5 Post-Test End Points.- 
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The acceptance tests specified i n  L.3 have been 2erformed. 
The diodes meet all the specified requirements. 
The shipment does not contain dicces from a production l o t  t h a t  has 
f a i l e d  tightened inspection (see 4.3.4.2). 
Any deviations from t h i s  c e r t i f i c a t i o n  inz t rcc t ion  s h a l l  be explained in detai l  
i n  writing. 
4.3.7 Data Submittal.- 
s h a l l  fomarr t o  H u r e s  Aircraft  Company t h e  follcwing data, which s h a l l  
Within two weeks after shipment of the diodes, the  
manufacturer 
be c e r t i f i e d  a responsible co&any of f ic ia l :  
Test 2ecords.- 
performed by the manufFcturer or h i s  designated agency. 
data  supplied s h a l l  be variables data, unless s p e c i f i c a l l y  
weived by Hughes Aircraft Company. 
manner t h a t  wil l  f a c i l i t a t e  following the behavior of each 
specimen from the beginning to the end of each test, and s h a l l  
include explanatory coments which will aid in evaluating any 
urmsual o r  abnormal events t h a t  may have occurred during the tests. 
Conplete records of all the acceptance tests 
The 
It s h a l l  be reported i n  a 
Test-Equipment Report.- A de ta i led  repor t  ident i fying the  test 
equipment by m u f e c t u r e r ' s  name, m o d e l  numker, and instrument 
ca l ibra t ion  date . 
Quality-Control Documentation.- Evidence t h a t  conclusively 
shows t h a t  the  n?anufacturer enploys a recognized s t a t i s t i c a l  
qurli ty-control procedure. 
m s t r u e d  as including proprietary information. 
t i o n  s h a l l  be submitted only with the irdtial order and need 
be resubmitted only a f te r  t h e  manufacturer has m a d e  a s i g n i f i -  
cant change i n  the procedures. 
This requirement is not t o  be 
The infcrma- 
A t  least three copies o f  the da ta  and repor t  s h a l l  be sent  t o  the procurement 
a c t i v i t y  of Hughes Aircraf t  Company. R r o  of t h e  copies s h a l l  be enclosed i n  a separate 
sealed envelope marked: "Attention: Components Department, M.S. D - l l i l ,  Hughes Aircrpf 
Company." 
*Code RA-1"; t h a t  submitted under subparagraph (c )  s h a l l  be marked "code FA-2." 
Acceptance of t h e  shipment o f  p-8 s h a l l  be contingent upon acceptance by Hughes 
Aircraft Company of t h e  data  submitted. 
The da ta  forwarded under subparagraphs (a) and (b)  above s h a l l  be marked 
b.h Methods of Examination and Test 
h.h.1 Standard Test Conditions.- Unless otherwise specif ied,  all measurements 
and tests shall be performed at ambient pressure and humidity, and at an ambient 
temperature of 25' C +3' S, w i t h  no d i rec t  draf't on t h e  diodes. 
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4.4.2 MIL-S-19500 Tests.- The tests described i n  30.1, 30.2, 30.6, 30.9, 30.13, 
L0.1, 40.5, 40.6, 40.7.5, 1~0.8, 40.10, L'3.13, Lo*l4y 43-16, 40.18, bO.20, 60.1.4, 60.1-8, 
)0.1.10, and 60.1.11.2 of MIL-S-195'30 Appendix C y  s h a l l  apply t o  these  diodes, with t h e  
:allowing exceptions and modifications: 
(a )  Detail Recruirements.- References throughout t o  3.1 of MILS-19500 
s h a l l  be construed as pertaining t o  Tables 11, 111, and I V  of t h i s  
specif icat ion.  
(b) Visual and Xec5anical Examination.- III 30.13 of MIL-S-19500, 
Appen2ix C, t he  reference t o  3.8  s h a l l  not apply. 
s h a l l  5e as  specif ied i n  3.2 of t h i s  specif icat ion.  
The marking 
( c )  Barometric F'ressure, Reduced.- I n  40.1 of MIL-S-19500, Appendix C, 
t he  diode s h a l l  be e l e c t r i c a l l y  insulated from the tes t  chamber, but 
a heat s ink  i s  not reouired. Using t h e  oscil loscope waveform, IR 
s h a l l  be monitored t o  observe any sudden va r i a t ions  indicat ing 
deter iorat ion of t h e  diode under tes t  conditions. 
Lead Fatigue.- 
!4IL-S-19500, Appendix C) mag be se l ec t ed  from those which f a i l  Group A 
and B inspection. 
Moisture Resistance.- In b0.6 of MIL-S-19500, Appendix C, subpara- 
graph ( a )  s h a l l  be omitted. 
I n t e r m i t t e n t  Life.- A l l  diodes s h a l l  be subjected t o  the  in t e rmi t -  
t e n t  l i f e  t e s t  (40.7.5 of M1L-S-19500, Appendix C )  f o r  a t o t a l  period 
of 2LO hours. The test current specif ied i n  Table I1 s h a l l  be applied 
intermit tent ly ,  15 minutes on and 5 minutes off.  Following t h e  t e s t ,  
the diodes s h a l l  be subjected t o  the  end-point tests specif ied.  
l o t  s h a l l  be acceptable i f  not more than 5 percent of  t he  l o t  fails  the 
t e s t .  Diodes (from ac-eptable l o t s )  t h a t  have f a i l e d  t h i s  t es t  s h a l l  t 
eliminated from the  l o t  but s h a l l  be preserved and s h a l l  be shipped t o  
Hughes Aircraft  Company i n  c l e a r l y  marked, separate  packages (see 5.1.2 
f o r  fur ther  study. 
Shock.- 
performed with t h e  diode not operating. The diode s h a l l  be subjected 
t o  f i v e  5004  shocks i n  each of two d i r ec t ions  along each of t h ree  
mutually perpendicular axes ( t o t a l  o f  30 shocks). The shock duration 
s h a l l  be approximately 1 millis9cond. 
Vibration.- I n  40.10 and 40.20 of MIL-S-19500, Anpendix C, t h e  t es t s  
s h a l l  be performed with the  diode not operat&. 
s h a l l  be 10 G ( instead of 20 G ) .  
Devices subjected t o  t h e  lead-fatigue t e s t  (43.5 of 
The 
I n  43.10 of MIL-S-19500, Appendix C, t he  test  s h a l l  be 
The peak acceleration 
4. b .3 Supplementary Tests 
4.4.3.1 Instabil i ty.-  The dev5ce s h a l l  be swept through the  reverse cha rac t e r i s t i c  
t o  500 ukdc and t h e  t r ace  displayed on an oscil loscope. 
s h a l l  be subjected t o  shocks with a qinimum peak accelerat ion of 50 G, a t  a ra te  of 20 
shocks per  second f o r  2 seconds. 
A t  t he  same time, t h e  device 
(An accevtable alterna+,ive shock vrocedure may be 
subst i tuted.  
(See 3,b.I 
The reverse trace on t he  osk l loscope  s h a l l  be observed fo r  i n s t a b i l i t y .  
4.4.3.2 Hard-Vacuum Environment." Before the  t w t ,  t h e  forward voltage and reverse 
currents of  t h e  recombined oua l i f i ca t ion  t e s t  samDle (see h.2.1) s h a l l  be measured as 
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specif ied,  under standard test conditions. 
container,  which s h a l l  be evacuated t o  a pressure of 10-7 millimeters of mercury, or 
below. The pressure s h a l l  be win ta ined  a t  10-7 millimeters of mercury, or below, for 
48 hours. 
physical  damage, and t h e  forward voltage and reverse current  measured a a i n .  The da ta  
s h a l l  be DlDtted on Keuffel  and Esser number 359-23 probabi l i ty  paper, and t h e  results 
analyzed s t a t i s t i c a l l y .  (See 3.5.) 
The diodes s h a l l  be placed within a su i tab le  
The diodes s h a l l  then Se removed from t h e  container, s h a l l  be examined f o r  
h.h.3.3 Low-Temperature Ex?osure.- This t es t  nay be performed simultaneously 
w i t h  t h e  hard-vacuum environment test speciyied i n  b.b.3.2; otherwise it s h a l l  be 
performed on a l l  qual i f icat ior l - tes t  specimens uhich have survjved t h a t  test without 
catastrophic  fa i lure .  The diodes s h a l l  be momted or suspended on thermal insu la tors  
and s h a l l  be placed within a metal l ic  container, w i t h  t h e  body of t h e  diodes a t  least 
1 inch a m y  from the inner surface of the container. 
oiJt of  t h e  container from t h e  terminals of 6 of the  diodes, and a thermocouple device 
s h a l l  be attached t o  the  surface of oach o f  these diodes, within t h e  container, t o  
monitor t h e  temperature. The temperature of the  specimens s h a l l  be gradually reduced, 
a t  a rate not exceeding -70' C per hour, u n t i l  it has reached at  l e a s t  -1SV C, or a s  
near t h a t  of l i au id  nitrogen (-196" C )  as can be at ta ined.  During the e n t i r e  cycle of 
low-temperature emosure, the 6 specimens t o  which the leads have been connected s h a l l  
be operated a t  t h e  specified rms voltage, and the r e c t i f i e d  output current  s h a l l  be 
measured a t  t h e  following temperatures: -ksO, -llso, and the  lowest temperature a t ta ined  
The temperature of t h e  specimens s h a l l  be maintained a t  -150" C, or below, f o r  48 hours, 
and s h a l l  then be gradually raised, a t  a r a t e  not exceeding 70" C per  hour, u n t i l  it 
has retlirned t o  ~ 0 0 1  - n b i e n t  conditions. 
a,ain at the  louest  temperature a t ta ined ,  a t  -11s" C, and at  -hs" C, on the  ascending 
cycle. T h e  di-6es s h a l l  Se removed from t h e  container, s h a l l  he -xmined f o r  p b w i c a l  
damage, and t h e  forward v o l t q e  and reverse current s h a l l  be neasured. 
data s h a l l  be p lo t ted  on Keuffel and Esser number 359-23 probabi l i ty  paper; and the  
results analyzed s t a t i s t i c a l l y .  (See 3.6 . )  
b.b.3.4 S t e r i l i z a t i o n  Capabili ty 
Connection leads shall be Srolyht 
The r e c t i f i e d  output current s h a l l  be measured 
The 
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TEST CONDITIONS LTPD 








SYM LIMITS - UNIT 
BOL M I N  MAX 
30.6 
60.1.10 
30.13 Visual and Mechanical See +4.4.2(b) 5.0 -- (See s3.2) 
Examinat ion (except 
30.9 of  MIL-S-19500) 
Subgroup 2 
Fordard V o l t  age IF 20 mAdc 
Reverse Current VR = -50 Vdc 
Breakdown Voltage IR -5.0 pAdc 
Capacitance VR 0 
f = 1.0 mc 
Reverse Recovery T i m e  I p  10  mAdc 
I 
I 
[ Ins t ab i l i t y  _-__I-- 
Subgroup 3 
VR -6.0 Vdc 




t i o n  
/ 
VF 





















t i o n  Reverse Current VR -50 Vdc 1 I R  ----- 
@see footnote, page 11 
---,~-.-- 
-- loo pAdc 
h0.7.5 Intermittent Life TA V, I = 25" 30 V m  +3" C I -- 
RL - 200 ohms 
See +4.4.2(f) inspec- 
240 hours loosS 
___ . - .. t i on  - 
End Points: 
60.i.b Forward Voltage IF  20 mAdc VF 
I R  60.1.10 Reverse Current VR -.. -50 Vdc 
CODE IDEM. NO. 82577 FORM sa17 cc  REV. 10-00 
- -- -- 
-- 1.1 
-- 0.2 
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except Step3 hi& 
Moisture Resistance Std%.&.2(e) 
&d Points: 
te.. eraturi = 
5 cycles 




(.Same as for Sub- 











(same as for sub- 
graup &, Table 11) 
9 = loo0 c 
T2 = 0' C I 
a~ee iootnote, page u 
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(Same as f o r  Sub- 
group &, Table 11) 
Subnoup 5 
O;r = -50 Vdc 
(60 seconds opera- 
t ion)  
Pressure 
0.315 inch HR 




fie-Group C Yeasure- 
ments : 
(Same as Submoup &, 




(Sane 2s for Sub- 
group &, Table 11) 
Low-Temperature 
Exposure 
T e s t  Point (6 speci- 
mens only): 
A W q g a  Ract i f ied  
Output Current 
End Points: 
(Same as f o r  Sub- 
group &, Table 11) 
Steril ization 
Capability 
I Pressure = lo-' m HR or belm; 
&8 hours I 
Reduce TA a t  r a t e  
not exceedinq 
-70' C/hour t o  
-150' C or below; 
maintain a t  lowest 
temperature for 
&8 hours; then 
raise TA a t  same 
max r a t e  t o  25' c 
v, 3 V Z l U  
RL = 200 duns 
(Measure 10 a t  
-&So, -lso C, and 
a t  lowest tempera- 
ture attained, on 
both descending 
and ascendine m) 
I 
gNumbers marked w i t h  an a s t e r i s k  refer t o  p a r w a p h s  i n  t k i s  specif icat ion;  unmarked 
numbers, t o  pa ravaphs  in NIL-S-19500, Appendix C. 




5.  PRVARATIOFI FOR DFIJVTRY 
H U G H E S  A I R C R A F T  C O Y P A W Y  
CULVER CITV CALIFORNIA 
ULTRA-FI?. T SiKITCHING 
5.1 PackaEinF! 
5.1.1 Acceptable ?arts.- ,411 acceptable p v t s  shipped to Huahes Aircraft Company 
s h a l l  he sui tably packaced, e i t h e r  individual ly  or  i n  g ~ o u p s  of no t  more than 10 uni t s ,  
i n  sealed containers provided with one or  more t ransparent  sur faces  throurh which a 
p a r t s  count can be made without removal of t h e  contents. 
diodes with the same p a r t  number. 
t a i n  u p i t  packaKes of d i f f e ren t  par% number, s h a l l  be constructed so a s  t o  enslire safe 
and undamaged delivery of the  par ts .  
injured condition w i l l  be returned to t h e  suppl ier  as unacceptable. 
specimens t h a t  have f a i l e d  the  in te rmi t ten t  l i f e  t e s t  and are being shipped to Hughes 
Aircraf t  Company f o r  fu r the r  study, s h a l l  be packaged as specif ied i n  5.1.1, but  with 
t h e  addi t ional  marking specif ied i n  5.2.2. 
Each package s h a l l  contain on14 
The la rqe  ex terna l  shipping container,  which may con- 
Unit packaRes which are received in a broken o r  
5.1.2 Failed Specimens.- Pa r t s  submi t ted  for purposes o ther  than f o r  use, such as 
5.2 Marking of Packages 
S T A N D A R D  
- , X 9 8 0 7 1 €  
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5.2.1 Acceptable Parts.- Both t h e  u n i t  packages and the  l a rge  ex terna l  shipping 
containers  sha l l  be c lea r ly  marked with the  manufacturer’s name and/or trademark, the  
manufacturer’s p a r t  number, t h e  l o t  i den t i f i ca t ion  o r  date  code, and with the  HuRhes 
number i n  parentheses. 
shipped s h a l l  be marked a s  specified i n  5.2.1, and with the  following addi t iona l  mark- 
ing: nTFX”ED SPRCIMTNS. DO NOT USE.” 
5.2.2 Failed Specimens.- PackaRes i n  which f a i l e d  specimens (see 5.1.2) a re  
CODE IDENT. NO. 82577 FORM aaa7 cc REV. IO-bo 
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6.1 Definitions, Abbreviations. and Symbols.- The terms used in  this snecification 
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r e  defined i n  Appendi; A, and the abbreviations and 8-1s are defined i n  A h n d i x  B of 
EL-s-19500. 
6.2 Application N a t e s  
6.2.1 Current Derating.- The average rect i f ied  output current is derated as shown 










0 25 50 75 100 I25 175 
AMBIENT TEMPERATURE ("C) 
FIGURE 1 
DERATING OF AVERAGE RECTIFIED OUTPUT CURRENT 
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6.3 Approval of Marmfacturer 
6.3.1 Performance Ability.- The manufacturer shall ham demonstrated h i s  a b i l i t y  
t o  supply uniform, r e l i ab le  products as specFfied below. 
the  capabi l i ty  of the manufacturer t o  supply semiconductor devices of the type described 
i n  this specif icat ion and i n  accordance w i t h  MItS-19500 s h a l l  be evidenced by inclusion 
of a t  l e a s t  one of h i s  products on a Military Qualified Products List. 
6.3.2 Approval of Mil i tary Qualified Products List.- As a minimum requirement, 
6.3.3 Process Control.- The manufacturer s h a l l  snbm; t su f f i c i en t  information 
reca rd inE  product f l o w ,  process control, and any other  re la ted  da ta  t h a t  w i l l  e s t ab l i sh  
h i s  understandinr! and control  of t h e  product. 
6.3.h Technical Competence.- The manufacturer s h a l l  have demonstrated, by 
Diiblished a r t i c l e s  or  other  information, t h a t  he i s  aware of the  behavior of h i s  product. 
Especially per t inent  art? r e l i a b i l i t y  proRrams and s t a t i s t i c a l  s tud ies  uhich a i d  i n  pre- 
dictinp: f a i l u r e  r a t e s  and i n  determinir.- derat ine f o r  a-c and d-c stress levels .  
6.3.5 Supplementary Information.- Manufacturer acceptab i l i ty  may be determined by 
t h e  use of other information, inc1udir.g; 
(a) Test da t a  avai lable  within Hughes A i r c r a f t  Company. 
(b) Test da t a  fran in terserv ice  data-exchange programs (IDEP). 
(c) Previous h is tory  of t he  manufacturer (adherence to de l ivery  schedules, 
p r ic ing  policy, etc. ). 
(d) The manufacturer's par t ic ipa t ion  i n  other  high-reliabi'l i t y  promams. 
(e) Field failure reports. 
In  recoRcition of the var iab le  l eve l s  of confidence of t h e  aforementioned items, proper 
consideration w i l l  be Riven t o  t h e i r  s imif icance .  
6.h Off-Premises Qual i f icat ion Testing.- When qual i f ica t ion  t e s t i n g  is  performed 
a t  facilities other than those of Hughes Aircraf t  Company, t h e  following requirements 
s h a l l  apply: 
condition i n  which they emerge upon conclusion of t he  f i n a l  test, and i n  accordance 
with 5.1.2. 
6.h.l Preparation f o r  Shipment.- Tested specimens s h a l l  be packaged i n  the  
6.h.2 Data Submittal.- Data s h a l l  be submitted i n  accordance with h.3.7, except 
t h a t  references t o  "acceptance t e s t i n g  performed by the  manufacturer" s h a l l  be inter-  
preted a s  "oual i f icat ion t e s t ing  performed by the  off-premises f a c i l i t v , "  and references 
t o  t h e  manufacturer's ouality-control and production procedures s h a l l  not apply. 
6.5 fnconrlng and Receiving Inspeqtion 
6.5.1 Preliminary Inspection.- I n  order t o  ve r i fy  t h e  shipping manifest, t h e  
incoming-inspection f a c i l i t y  of Hughes Aircraft Company s h a l l  make a v i sua l  count of 
S P EC I FIC'ATION CONTROL DOCU M E'NT 
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t 5 e  parts  witho-Jt op3ln; ;  ths t rsnsparent  containers. 
a broken or dma;sd c m d l t i a n  s h a l l  ?e ret.:rned t o  t h e  sender as unacceptable. 
Packages which an? receiveti i n  
6.5.2 nisposi t ion of St-idv Specimn3.- Cmta:ners narked n T S T ' S D  S?E21?!3S, 
D.1 'X' 'JS7" s h a l l  be fomarded t o  t h e  Coxponents Departnent, Hughes Aircraft Company, 
7vlver City. 
5.5.3 Disposition of Usable Parts.- All other  packages containing usable parts 
s h a l l  be placed i n  a bonded storage area, together with the  accoxpanyini; test data, 
which shall be su i t ah ly  iden t i f i ed  t o  correspond with t h e  p a r t s  received. Both t h e  
narts and the test data  shall be retained i n  the  bonded area u n t i l  the7 have been 
re leased  by the Components 3epartment. 
S P E C I F I C  
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SCH E M A T  I C Dl ACR A M 
F I G U R E  2 
PART-NUMBER TABLE 
I HUGHES 1 FAIRCHILD I 
“EER IPARTNU’CTMBER 
X988718-1 I 
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1. SCOPE 
1.1 This specification covers silicon, NPN, high-power t ransis tors  for which 
special requirements (including a 1OO-peroont screening, 240-hour interni t tent  lFfe t e s t )  
are imposed t o  asL'ure performance re l iab i l i ty  i n  the space and lunar environments f o r  
which the t ransis tors  are intended. 
1.2 Maximum Ratings (See 6.1) I 
This collector power dissipation, which i s  specified a t  a case temperature of 
250 C, is  for an expected l i f e  equal t o  o r  greater than 1,OOO hours. 
d e r a t w  a t  case temperatures higher than 2 5 O  C, see Figure 1. 
For power 
1 2. APPLlCABLE mmNTs 
2.1 The following documents, of the latest issue in effect,  s h a l l  apply t o  t h i s  
XILSTD-202 Test Methods f o r  Electmnic and Electrical  Component Parts 
M&S-l9!%0 Semiconductor Devices, General Specification f o r  
qxc i f ica t ion  to the extent specified herein: 
3. riEQUIREMEnrTS 
3.1 General.- The t ransis tors  shall meet the requirements specified i n  Tables I1 
through IV of t h i s  spc i f ica t ion .  
name and/or trademark and the manufacturer's part number. 
after all tests. 
3.3 
3.2 Marking.- Each t ransis tor  shall be clearly marked with the manufacturer's 
MarHng shall remain legible 
Tenninal Material.- The t e n i n a l  material shal l  be e i ther  (a)  nickel-iron, 
flashed w i t h  copper and plated with nickel, or (b) Kovar, nickel-plated and flashed w i t h  
gold. 
3.4 Hard-Vacuum Envlmnment.- Following the test specified in 4.4.3.2, the tran- 
s i s t o r s  shal l  show no evidence of  physical damage. 
there sha l l  be no s ignuicant  differences, a t  the  +percent level  of confidence, between 
the mean values of 
measured before the test. 
Based on a s t a t i s t i c a l  analysis, 
and of  h m  after the test, compand to the  mean d u e s  as 
3.5 Los-Temperature EXpOsure.- Following the test specified in 4.4.3.3. the tran- 
s i s t o r s  shall show no evidence of physical &age. 
there shall be TU) significant differences, a t  the 90-percent level  of confidence, between 
the mean values of Icw and of h m  after the test, compared t o  the mean values as 
measured before the tes t .  
Based on a s t a t i s t i c a l  analysis, 
SPECIFICATION CONTROL DOCUMENT 
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3.6 S t e r i l i z a t i o n  Capability.- Each part shall be capable of  withstandinp two 
b-hocr c:rcles of exposure t o  a temr:erature of  1 2 5 O  C, and a 2Li-hour eq:osure t o  an 
.tmosphere consis t inq of a mixture of 1 2  percent  eth:,lene oxide and 8P percent  t r i c h l o r n -  
'lvoromethane (Freon 1 2 )  by  w e i e h t ,  a t  a temcerature of ?7.F0 C.ana a r e l a t i v e  h i m i d i t y  
,f 30 t o  50 percent,  without  depradat ion of apc1ic:kle rerf9rmance requirements. 
,ad?; shall. not i . ~  s t e r i l i z e d  'nef'ore shirment .) 
(The 
H U G H E S  A I R C R A F T  C O M P A N Y  
TRANSISTOR 
CULVER C I T Y .  CALIFORNIA 
S T A N D A R D  
, 
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4.3.1 Tesf. Eguipment and Faci l i t ies . -  The manufacturer may use h i s  own o r  any 
o the r  laboratory f a c i l i t i e s  approved by Hughes A i r c r a f t  Compaqy. 
f a c i l i t i e s  and the accuracy of the  equipment s h a l l  be suf f ic ien t  to assure performance 
of the  Gmup A and B acceptance tests within the specified requirements. 
The qua l i t y  of the 
I 4.3.2 Acceptance Test Sample Selection 
4.3.2.1 100-Percent Screening Tests.- All transistors supplied against  t h i s  
specif icat ion s h a l l  be subjected t o  t h e  100-percent screening tests specif ied i n  Sub- 
groups 2 through 5 of Group A. 
4.3.2.2 The number of specimens selected for the remaining 
acceptance tests (Subgroup 1 of Group and Subgroups 1 through 5 of Gmup 5) shall be 
t h a t  minimum sample s ize  l i s t e d  i n  Table I necessary to  assure, with 90-percent confi- 
dence, t he  Lot Tolerance Percent Defective (LTPD) specif ied i n  Tables I1 and 111, 
Sampling Tests.- 
4.3.2.3 S m a l l  Lot Procurement.- If the s i z e  of the l o t  shipped apainst  one 
purchase order, for each pa r t  l i s t e d  i n  the part-number tab le ,  is  l e s s  than the minimum 
sample size specified i n  Table I, acceptance tests f o r  t h a t  l o t  sha l l  be l imi ted  to the 
Group A t e s t s  only, all of which sha l l  be performed on a 100-percent inspection basis. 
TABU 1 
MINIMUM SIZE OF SAMPLS TO 3E TESTED TO ASSURE, WITH A 90 PERCENT 
CONFIDENCE, A LOT TOU'?AhJCE PTX3:NT DEFECTIVE (LTPD) OR LIFE- 
TEST FAILURS RATE ( A ) NO GRTkTER THAN THAT SPECIFIED 
ACCEPTAbJE FMIMiM WT TOLERANCE PERCENT D3FECTIV" LTPD) 
vmER (a) OR LIFE-TEST FAILURS XATE ( h  ) 2 
15 I 10 I 3 2 
- a + l )  
0 15 22 32 Irs 76 116 
1 2 38 77 129 195 
2 3ll s2 75 105 176 266 
3 3 6 91r 132 221. ! 333 
h - 52 398 
5 
(0.3h) (0.23) (0.16) (0.11) (0.07) (O*Oh) 
(I..?) (0.9L) (,O%) (0.M) (0.28) (0.18) 
(2.21r) (1.6) (1.1) (0.78) (O.h7) (0.31) 
(342) (2.;) (1.5) (1.0) (0.62) (0.u) 
( 3 . 9 )  ( 
308 h62 60 91 131 18h 
a The life-test failure rate, lpmbdo (a),  i s  defined PL) the 
The minimum quality (approximate AQL) required t o  accept, 
on the average, 19 of 20 lots  is shown i n  parentheses for 
information only. 
LTPD per 1,OOO hOW6. 
4.3.6 Certification.- The supplier s h a l l  cer t i fy  with each shipment thatr  
(a) The acceptance t e s t s  specified i n  4.3 have been performed. 
(b) The t ransis tors  meet all the specified requirements. 
(c )  The shipment does not contain t ransis tors  From a production l o t  t h a t  
has fa i led  tightened inspection (see 4.3.4.2). 
Any deviations from this cer t i f icat ion instruction shall be explained i n  d e t a i l  
.n writing. 
4.3.7 Data Submittal.- Within two weeks a f t e r  shipment of the t ransis tors ,  the 
lanufacturer sha l l  forward t o  HKhes Aircraft Company the following data,which sha l l  be 
:er t i f ied by a responsible company off ic ia l :  
H U C H E S  A I R C R A F T  C O M P A N Y  




by the  manufacturer or his designated agency. 
be variables data, unless specifically waived by Hughes Aircraft 
Company. It s h a l l  be reported in a manner tha t  w i l l  f a c i l i t a t e  follow- 
ing the behavior of each specimen from the beginning t o  the end of erch 
test, and s h a l l  include explanatory coments which w i l l  a id  i n  evaluat- 
ing any unusual or abnormal events that may have occurred during the 
testa.  
Conplete records of a l l  the acceptance tests p e r f o m d  
The data supplied shall 
, S T A N D A R D  
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Teat-Eauipmnt Report.- A detailed report  iaentifying t h e  test equip- 
ment by manufacturer's name, m o d e l  number, and instrwmnt cdibrat iol i  
date. 
Quality-Control Documentation.- Evidence that  conclusjvely shows t h a t  
the manufacturer employs a recognized s t a t i s t i c a l  quality-control 
procedure. 
proprietary information. The information sha l l  be submitted only u i t h  
the i n i t i a l  order and need be resubmitted only  a f t e r  the manufacturer 
has made a significant change i n  the procedures. 
This requirement is not t o  be construed as including 
A t  least three copies of the data and report s h a l l  be sent t o  the procurement 
ic t ivi ty  of Hughes Aircraft Company. 
iealed envelope marked: "Attention: Components Department, Hughes Aircraft C0mpany.n 
Lccsptance of the shipment of parts s h a l l  be contingent upon acceptance by Hughes Aircrm 
:ompany of the data submitted. 
Two of the copies shall be enclosed i n  a separate 
4.k Methods of &amination and T e s t  
4.4.1 Standard Test Conditions.- Unless o t h e m s e  specified, a l l  measurements 
and tests shal l  be perfonned a t  ambient pressure and humidity, and a t  an anSient tempera- 
t u n  of 250 C, with no direct  draf t  on the transistors.  
4.4.2 MI&S-19500 Tests.- The t e s t s  described i n  30.6, 30.7, 30.9, 30.13, b0.1, 
40.6, 40.7.5, 40.8, 40.10, 40.13, LO.&, 40.15, 40.16, 40.17, 40.18, 40.20, 50.1, 50.4, 
50.6, 50.25, 50.33, and s0.40 of MIL-S-19500, Appendix c, shal l  apply t o  these tran- 
sistors, with the following exceptions and modifications: 
Deta i l  Reqoirenents.- References i-hrouqhout t o  3.1 of  XIL-S-19500 
s h a l l  be construed as per ta in inn  t o  Tables  11, 111, and IV of  t h i s  
spec i f  i c  a t i o  n . 
Visual and 3echani.cal ExaminatLon.- 
C ,  the  reference t o  3.8 shal l  not  ~ ~ : p l > i .  
spec i f ied  i n  3.2 of t h i s  spec i f ica t ion .  
Barometric Pressure,  Reduced.- 
t r a n s i s t o r  s h a l l  b e  e l e c t r k a l l y  i n s u l a t e d  from the  t e s t  chamber, b u t  
a hea t  s ink i s  not required. 
shal l  be monitored t o  observe any sudden v a r i a t i o n s  ind ica t inr :  d e t e r i o r ,  
a t i o n  of t h e  t r a n s i s t o r  under t es t  condj.t.j.ons. 
I n  30.13 of NIL-S-19500, iippendlx 
"he narkin? shall be as  
I n  40.1 of MIL-S-19500, Appendix C, t h e  
Usin? t h e  osc i l loscope  waveform, lcm 
H U G H E S  A I R C R A F T  C O M P A N Y  
--X9888 C U L V E R  C I T Y  C A L I F O R N I A  
TRANSISTOR 
Tension and Torque.- 
t e a t s  (bO.l.5 and 40.17 of  NIL-S-19500, Appendix C) may be s e l e c t e d  f r o m  
those which f a i l  Grovn * and b i n s p e c t i m .  
s p e c c i e d  € o r w  s h a l l  be apul ied t o  each terminal  and t h e  i n t e p r a l  t a b  
separately,  i n  t h e  loneitudi-nal d i rec t ion .  
Moisture Resistance.- 
qraph ( a )  s h a l l  be omitted. 
T r a n s i s t o r s  subjected t o  the  t e n d o n  and torque  
In t h e  tens ion  t e s t ,  t h e  
I n  40.6 of MIL-S-19500, Acpendix C y  subpara- 
S T A N D A R D  - 
I 7  
CAGE 6 OF 17 
I n t e r m i t t e n t  Life.- All t r a n s i s t o r s  s h a l l  be subjected t o  t h e  i n t e r -  
m i t t e n t  l i f e  t e s t  (40.7.5 of  MIL-s-19500, tlppendix c )  f o r  a t o t a l  
perio*-l of 240 hours. 
appl ied i n t e r m i t t e n t l y ,  1s minutes on and 5 minutes of f .  Followinc t h e  
t e s t ,  t h e  t r a n s i s t o r s  s h a l l  be de-energized and allowed t o  s t a b i l i z e  a t  
standard temperature ( see  4&.l of t h i s  s p e c i f i c a t i o n )  before  being 
subjected t o  the end-point t e s t s  specif ied.  The l o t  s h a l l  be accept- 
a b l e  if not more than 5; percent  of t h e  l o t  f a i l s  t h e  t e s t .  
( f r o m  acceptable  l o t s )  t h a t  have f a i l e d  t h i s  t e s t  s h a l l  be el iminated 
from the  l o t  b u t  s h a l l  be preserved and shall be shipped t o  Hughes 
Aircraf t  Company i n  c l e a r l y  marked, separate  packaEes ( see  5.1.2) f o r  
f u r t h e r  study. 
Shock.- 
formed with t h e  t r a n s i s t o r  not operating. 
j e c t e d  t o  f i v e  500-G shocks i n  each of two d i r e c t i o n s  along each of 
three mutually p r p e n d i c u l a r  axes ( t o t a l  of 30 shocks). 
durat ion s h a l l  be apprcrxhately 1 millisecond. 
Vibration.- 
s h a l l  be performed with t h e  transistor not operating, The peak 
acce lera t ion  shall be 10 G ( i n s t e a d  of 20 G ) o  
Pulsed Operation.- 
C, t h e  measurements s h a l l  be taken using pulse equipnent t o  avoid tran- 
sistor heating. 
seconds; t h e  d u t y  cycle ,  not exceeding 2 percent. 
' h e  vol taqe  s p c i f i e d  i.n Table I1 s h a l l  br 
T r a n s i s t o r s  
I n  hO.10 of MIGS-19500, Appendix C, t h e  t e s t  shal l  be per- 
The t r a n s i s t o r  s h a l l  be sub- 
The shock 
I n  40.18 and h0.20 of MILS-19599, Appendix C, t h e  tests 
I n  SO&, 50.25, and 50,LO of MIGS-1990, Appendix 
The maxim= pulse  dura t ion  ( t )  shall be 300 micro- 
4.4.3 Supplementary Tests 
4.4.3.1 Collector-to-Emitter Breakdown Voltage with Reverse Bias Voltage between 
Base and Emitter.- The breakdown voltaqe sha l l  be measured a s  described i n  50.1 of 
MIL-S-19500, Appendix C, but i n  addition, a voltage sha l l  be applied between the  e m i t -  
t e r  and base durins measurement. 
I - .  (set 5.--.1 
4.4.3.2 Hard-Vacuum Environment.- Before the t e s t ,  the  co l lec tor  cutoff current 
( 1 ~ ~ 0 )  and s t a t i c  fomard-current t r a n d e r  r a t io  (hFE) of the  recombined qua l i f ica t ion  
t e s t  sample (see 4.2.1) sha l l  be measured under standard tes t  conditions. 
s i s t o r s  s h a l l  be placed within a su i tab le  container, which s h a l l  be evacuated t o  a 
pressure of 10-7 millimeters of mercury, o r  below. 
10-7 millimeters of mercuq, o r  below, f o r  48 hours. 
moved fmm the container, s h a l l  be examined f o r  physical damage, and Ic-0 and hFE 
measured again. 
a b i l i t y  paper, and the r e s u l t s  analyzed s ta t i s%ica l ly .  
The tran- 
The pressure shall be maintained a t  
The t r a n s i s t o r s  sha l l  then be re- 
The data  s h a l l  be p lo t ted  on Kmffel and Esser number 359-23 prob- 
(See 3.4.) 
4.4.3.3 Low-Temperature Eqosure.- T h i s  t e s t  may be performed simultaneously w i t h  
the  hard-vacuum environment t es t  specified i n  4.4.3.2; otherwise, it shal l  oe performed 
on all qual i f ica t ion- tes t  specimens vhich have survived t h a t  t e s t  without catastrophic  
f a i lu re .  The t r a n s i s t o r s  s h a l l  be mounted o r  suspended on t h e m a  insu la tors  and sha l l  
be placed within a metal l ic  container, with the body o f  the t r ans i s to r s  a t  l e a s t  1 inch 
away f r o m  the inner  surface of the container. Connection leads s h a l l  be brourht out  of 
the container f ron  the  terminals of 6 of the t r ans i s to r s ,  and a thermocouple device shal l  
be attached t o  the surface of each of these t rans is tors ,  within the container, t o  moni- 
t o r  the temperature. The temperature of the specimens sha l l  be frradually reduced, a t  a 
rate not exceeding -7OO C per hour, u n t i l  it has reached a t  l e a s t  -150" C, o r  a s  near 
t h a t  of l i qu id  nitrocren ( -1%O C )  as can be attained. 
temperature exposure, the  6 specimens t o  which the leads  have been connected s h a l l  be 
operated a t  the specif ied voltage and current, and the r a t i o  of co l l ec to r  current  t o  base 
current  s h a l l  be measured when the  value of the base current  i s  su f f i c i en t  to produce 
IC = 500 mAdc a t  VCE = 10 Vdc. The r a t i o  shall be measured a t  the followinq tempera- 
tures: -&", -llSo, and the lowest temperature attained. The temperature of the  speci- 
mens s h a l l  be maintained a t  -150° C, o r  below, f o r  4e hours, and s h a l l  then be gradually 
raised, a t  a r a t e  not exceedinp 70° C per  hour, u n t i l  it has returned t o  room ambient 
conditions. The r a t i o  of co l lec tor  current t o  base current s h a l l  be measured again a t  
the lowect temperature a t ta ined,  a t  -11So, and a t  -45" C, on the ascendine c;cle. The 
t r a n s i s t o r s  sha l l  be removed f r o m  the container, shall be examined f o r  physical damage, 
and I 
ver 3R23  p A t E b i l i t y  paper, and the results analyzed s t a t i s t i ca l l J r .  
DurinE the en t i r e  cycle of low- 
and 'I s h a l l  be measured. The data s h a l l  be p lo t ted  on Keuffel and Esser num- 
(See 3.5.) 
4.4.3.4 S te r i l i za t ion  Capability.- 
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30.13 V i s u a l  and Mechanical 1 See 3c4.4.2 (b) 
Examination (except j 
30.9 of  FIL-S-19500) 1 
X988817-2 
Collector- to-Emit t e  r 
Breakdown Voltage 
X988817-1 
' - -T ~~;O- -FZ-  ; (See *3.2) -i- I 
X988817-2 
i 







t i o n  
V 
Collector Cutoff 
Current, Open Emitter 
Col lec tor - to-h i t te r  
Saturation Voltage 
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Sta t i c  Forward-Current 
Transfer Ratio 
(Condition 1) 
S T A N D A R D  
PAGE 8 oc 17 
Sta t i c  Forward-Current 
Transfer Ratio 
(Condition 2)  
I E  = 250 uAdc 













a See footnote, page 12 
GRAPH 
Subgmup 4 
30.6 ' High-Temperature 
TEST CONDITIONS LTPD SYM- LIMITS UNIT 
(PEFtcENT BOL M I N  MAX 
DEF) 
Operation 
T e s t  Point: 
Collector Cutoff 






T e s t  Point: 




hFE3 2o --- --- f VCE = 10 Vdc IC = 1.0 Adc See 94.4.2 ( i )  
! TA =-#e (+o, -3)" c 
I 
50.33 Small-Signal Short- 
C i r c u i t  Foxward- 
Current Transfer 
f I 
i '  
hfe 10 -- --- 
inspec- 
) t i o n  , I 





TC = 2 5 O  + 3 O  C 
P = L O W  
VCE = 60 Vdc min 
240 hours 
See *4.4.2 ( f )  
V a  = 60 Vdc 
IE = 0 
Static Fozvard- 
Current Transfer 
Ratio (Condition 2) 
100s 
~ w -  
t i o n  
V a  = 10 Vdc 
= 500 m&dc 
%e 94.4.2 (i) 
' 100s 
inspec- 
t i o n  
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- a h e  footnote, page 
~ ~~~~ 
CODE IDENT. NO. 82577 CORM mS7 CC REV. W-00 
TASLE 111.- GROIJF B QUALIFICATIOW A N I  ACCEPTANCE TESTS AND REl;rUIIENENTS 
c TEST TEST C ~ ~ ~ T I O N S  LTPD m- LIMITS UNIT ' 
PQRA- 
GRAPE 
See *4.4.2 (g) 
f = 60 C ~ S  
See &.4.2 (h) 
See *4.4.2 (h)  
Ti = looo C 





40.13 1 Solderir,g 
40.14 I Temperature Cycling 
I 
i 
* group 5 ,  Table 11) f 
i 
40.6 I Moisture Resistance -
' End Foints: 
I 
(Same as f o r  Sub- 
group 5 ,  Table 11) 
Subgroup 3 
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End Points  : 
(Same a s  for Sub- 
--- 
MIL-STD-202 , 
Method 102,  
Condition C, 
except Step 3 high 
temperature = 
17s0 (a, - 3 ) O  C; 
5 cycles  










I -  
a lwn TEST CONDITIONS LTPD SYM- 
PARA- (PERCENT BOL 
GRAF" DEF) 
I - -  
LIMTS * U N I T  
M I N  MAX 
I . I  
I 
(Same as for Sub- i i I 
Subgmup 4 
1 
gmup 5, Table 11) 
VcB = 60 Vdc 
(60 seconds 
IE = 0 
i (Corrosion ! 
I End Points: 
dperation) 
P r e s ~ ~ n  = 0.&3
inch Hg 
using oscilloscope, 
monitor I c ~  for 
sudden vamations. 





See *4.4.2 (d) 10.0 
Terminal-0.5 
5 pounds -f10 02s. I --- 
Torque 
Tension 
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CODE IDENT. NO. 82577 V O W  aBS7 C C  REV. t0-$0 
TBLE ne-- ~ O U P  c TZSTS AM) R~QUUEMENTS ( o u m  
CONDITIONS I LZPD 
id~.&.3.2 
Re-Cir~~p C H a m -  
mantot 
(Same as Subgroup 5, 




(Same ab far sub- 
group s, Table 11) - 
Law-Temperature 
Exp- 
H U G H E S  A I R C R A f l  C O M P A N Y  
CULVER CITY CALIFORNIA 
TR4MISTaR 
Test Point (6 speci- 
Ratio of Collector 
Current t o  Base 
Current 
nen8 only): 
, S T A N D A R D  
X 9 8 8 8 1 7  
CAOC t2 OP 17 
-. 
Reduce TA a t  ra te  
not exceeding 
-1%' C or below; 
maintain a t  louer 
tenpwatunt far 
48 hours; then 
raise TA a t  same 
m a x  rate to  25. C 
-70' C/h- to 
VCE = 10 Vdc 
E - 500 PiAdC 
()?earnre ~ / I B  
4S., -ll9 c, 
a t  lovest teinpera- 
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&Numbers marked with an asterisk refer t o  paragraphs i n  t h i s  specificatfon; olwarsced 
numbers, to paragra@u~ I n  MILS-19500, A p p e n d i x  C. 
5. PREPARATION FOR DSLIVEm 
S.1 Packaging 
5.1.1 Acc@able Parts.- acCepMh prtS Shipped t0 &#la MXdf 
Company shall be suitably packaged, either individually or i a  @%up8 of aot r o ~ .  
than 10 units, in sealed con"tzir.ers provided uith one or mro transpan#rt 
t!woq$ which a parts count can be Fado without removal of the contentse Bath 
package shall contain only trmsistors uith the s p ~ d  part mmber. The largo 
external shipping containor, wSch nay contain unit psckages of different pat% -, 
shall ba constructed 50 as t o  ensure safe and undamged delivery oZ the 
pacica.-es h*ich are received ih a broken ar injured condition will be relamed fo tb. 
supplier as unacceptable, 
as spec5mns that have fa i led tke lntelmittent life test aad are baing 8- fo 
.%&e3 A i r c r a f t  Ccsapany for further stucty, shall be pclcaged as specified ib 5.1.1, 
€nit uith the additional mar- specified in 5.2.2. 
unif 
5.1.2 Failed SpecLzens.- Parts submitted for pu'postr0 other thu, for 1180, mch 
502 E h r k b g  Of Package8 
5.2.1 Acceptable Parts,- Eoth the unit pzckages aad the large extsrnal &ipp%ag 
containers shall t e  clearly tarked uith the manuf-.ctuzer's na!'~18 and/or tradeoark, 
the mnufacturer's part &er, the l o t  identification o r  date code, and w i t h  the 
Huaes number in parentheses. 
shiped shall be marked as specified in 5.2.1, and with the follouing a d d i t i d  
marking: "TESTZJI SPEILZiS. iX KOOT USE.' 
5.2.2 Failed Specimens.- Packages i n  bhich failed specbeas (see 5.1,2) .I. 
H U C H L S  A I R C R A F T  C 0 M ) A N Y  
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6. NOTES 
6.1 Definit ions,  Abbreviations, and Symbols.- The tern‘s used i n  t h i s  spec i f i -  
:ation a r e  defined i n  Appendix A, and the  abbreviations and symbols a re  defined i n  
4ppendix B of MIGS-l95OO. The following addi t iona l  symbol i s  used: 
BVCEX Collector-to- e n i t t e r  breakdown voltage with reverse b i a s  voltage 
between base and emitter. 
6.2 Application Notes 
6.2.1 Power Dissipation.- Collector power d i s s ipa t ion  is derated as shown i n  
p i p r e  1, assuming a constant f a i l u r e  r a t e  over the  e n t i r e  derated range. 
5 0  
40  
3 0  
2 0  
10 
0 2 5  50 75 100 125 150 175 
CASE TEMPERATURE (“C) 
FIGURE 1 
DERATING OF COLLECTOR POWER DISSIPATION 
. .  
6.3 Approval of Manufacturer 
6.3.1 Perfonilvlce Ability.- The nanufacturer shall have denomtrated his abi l iw 
t o  supply uniform, rsliable pro&cts as specified belar. 
6.3.2 Approval of Hi l i tuy  C d i f i e d  Products List.- As a m&danm reqdrcment, 
t2.0 c.,pability of the manufactsrer to  supply semiconductor devices of the QpO 
dcscribed i n  th i s  specification and in accorhce  vi th  E:IL-S-19% shall be evidenced 
by the inclusion of at least one of his products on a ;¶Ut- Qualified Product8 
L i s t ,  
6.3.3 Process Control.- The manufacturer shall scWt sufficient infomatian 
regarding product flow, process control, and any other related data that  dll estab- 
l i s h  his understanding and control of the product. 
6.3.b Technical Competence.- The manufacturer s t U  have denonstratad, 
published ar t ic les  or other irfo-mation, that he is aware of the behavior of his  
product. Especially pertinent are re l iabi l i ty  pro.;rms and s ta t i s t ica l  studies 
x%ich a id  in predicting fai lcre  rztes and i n  detemhing derating for a-c and d-e 
s t ress  levels. 
6.3,s Supplementary 1nfom.ation.- Ybufacturer acceptability : : q r  be determined 
by the use of other information, includiqi 
(a) Test data available ulthin Hughes Aircraft Caolpargr. 
(b) Test data f n n  interservice dat.+exchang programs (m). 
(c) Previo~s histoq- of the nadac tu ra r  (adherence t o  delivery schedules, 
pricing policy, etc.) 
(d) The m d a c t u r e r I s  participation in other hi&-mliZbillty pcoq-. 
(e) Field failure r~ports .  
In  recognition of %!e variable levels of confidence of tfie afOrf%enthmd %-, prapsr 
corsideration w i l l  be given to their  significance, 
6.4 Off-Premises Qualificztion Testing.- \&en qualification testing is perfozmed 
a t  fac i l i t i es  other than those of Hughes Aircraft Coraparq, the following requirement8 
shal l  apply: 
confition i n  which they ene rp  won conclusion of the final test ,  and i n  accardanee 
with 5.1.2. 
except that rcfercnces t o  naccestznce testjng perfomed by the n.=nu.facturera shall 
be interpretcd as nqualification testing perfomed by t5e off-preAses facility,. 
and references t o  tho manufictcrrrl s qcality-control and production procedures 
shall not apply. 
6.lt.l Preparation for Shipmt.- Tested specimens shall t e  pack,& in the 
6.4.2 Data Subrittal.- Data shall t e  submitted i n  accordance with 1.3.7, 
SPECIFICATION CONTROL DOCUMENT 
\ 1 H U G H E S  A I R C i Z A F T  C O M P A N Y  I S T A N D A R D  
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6.5 Incming and Recolving Inspection 
6.5.1 pI.elinlnnry Inspection.- I n  order to  v a m  the shipping nmd.fe6t, tho 
incoming-inspection fac i l i ty  Of Hughes Aircraft CCunparly shall u&e 8 visual count 
of the parts without opening the Itrar.:;-Jrsnt cOn+uainers. Packages uhlch ara 
reccivod in a broken or  damafpd condition & a l l  be rot@ fo the 6O#b&r u 
unacceptable . 
Do NOT &En Shall be forwarded t o  the Cmponents Doparbent, ihf$er Aircraft 
Company, Culver City. 
6.5.3 Disposition of Usable Parts.- All other p.cko@r con- 08aUo 
parts shall be placed i n  a bonded storage area) together wlth tha ace- 
t e s t  data, which shall be suitably Identified to correspond with the part6 received. 
Both the parts and tho test data shall be retained in the boded are8 until 
have been released by the Componcl~ts Department. 
6.5.2 Msposltlon of Study Specinens.- Container6 marked VSEeD SPECMETLS, 
-X9888 I C C I O V . 0  I.SYC O I I  CULVER CITV CALICOINI& 
TRANSISTCR 
17 
m a s  16- 17 
DO NOT = A L L  
H U G H E S  A I R C R A F T  C O M P A N Y  
CULVER CITY CALIFORNIA 
PROCURLYLNT SPLCIFICATION 
N O N E  TRANSISTOR 
I LIMITS UNLESS OTWERWISC SCLClFlLD: .XXX .xx =* x* =* 
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LOCATION A N 3  ANGULAR 
T- OR,: N T.AT i o o F T c R :. i i PJALS 
. \,OPTIONAL 
NOTE: A SLIP-ON S3LDER-TERMINAL LUG 4 N 3  NORbIAL VOUNTI NG rlAR3WARE 
SHALL  BE SUPPLIED BY THE hlANUrACTURER W I T H  L A - H  TRANSISTOR 
1. SCOPE 
1.1 This specification c w e r s  tantalum, sol id  e lec t ro ly te ,  polarized, hermetically 
sealed, fixed capaci tors  s imilar  t o  S ty les  CSl2 (uninsulated case) and C S U  ( insulated 
case) cwered  by MIL-C-26655/2, but  far which special  addi t ional  requireaents  are imposed 
t o  assure performance reliability i n  the space and lunar  environments f o r  which the 
capaci tors  are intended. 
2. AF'PLICARLF: DOC- 
2.1 The following documents, of t he  l a t e s t  issue i n  effect, shall apply t o  t h i s  
T e s t  hthcds f o r  Electronic and Elec t r i ca l  Component Parts 
Capacitors, Fixed, Solid Electrolyte ,  Tantalum, Styles  E 1 2  
and C S U  
spec i f ica t ion  t o  t h e  extent specified herein: 
MIL-SPD-202 
MIL-C-26655/2 
3.1 HIL-C-26655/2 Requirements.- The req-iirements f o r  S ty les  Cs12 and CSl3 capaci- 
t o r s  specified i n  HIL-C-26655/2 s h a l l  apply t o  these capacitors, with the following 
exceptions and modifications' 
( a )  Detail Requirements.- The dimensions and e l e c t r i c a l  cha rac t e r i s t i c s  f o r  
the individual capaci tors  specified i n  MIL-c-26655/2 s h a l l  be modified, 
a s  necessary, t o  confonn t o  Figure 1 and the part-number t ab le  of t h i s  
specification. 
P C  Leakage.- (b)  The d-c leakage s h a l l  not exceed t.h* fallowing values: 





+ 1 2 5 O  
The applicable value specif ied i n  the  
part-nmber table of t h i s  specification. 
10 times the + 2 5 O  c requirement. 
12.5 times the +25O C requirement, a t  
two-thirds of the rated 25' C voltage. 
( c )  Marking.- I n  addition to the marking specified, the body of each capaci- 
t o r  sha l l  be permanently marked with the let ter S i n  a c i rc le .  
S T A N D A R D  
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3.2 Supplementary Requirements.- The Capacitors s h a l l  meet the  following addi- 
3.2.1 Production Requirements 
3.2.1.1 Batch Control.- A l l  capacitors supplied against  a pa r t i cu la r  purchase 
order s h a l l  be produced on one production l i n e ,  and processed with a s  mch  cont inui ty  a s  
possible, 
purchase order, e.g., the  formation voltage, they s h a l l  be processed with the same 
equipment, set t ings,  personnel, etc. 
t iona l  requirements : 
Where s imi l a r i t i e s  of process exist between capacitors supplied t o  the  sarne 
3.2.1.2 Quantities.- Suff ic ient  quant i t ies  s h a l l  be produced t o  allow f o r  t h e  
destruct ive acceptance tests. 
made except i n  instances where the quant i ty  exceeds 500. 
No p a r t i a l  shipments of an individual pa r t  number s h a l l  bc 
H U G H E S  A I R C R A F T  C O Y ? A W Y  
C U L V E R  C I T Y  C A L I F O R N I A  
CAPACITOR, FIXED, ELECTBOLYTIC -- 
TANTALUM. SOL,LID ELECTROLYTE 
3.2.1.3 Fresh Product.- A l l  t he  capacitors s h a l l  be f r e sh  products, i.e., not  
The par t s  shall be ident i f ied  a s  belonging t o  a pa r t i cu la r  purchase 
drawn f r o m  stock unless the  quant i ty  ordered f o r  a pa r t i cu la r  value ard voltage r a t ing  
is s i x  o r  less. 
order a t  tha t  point i n  the  processing where they may be so  ident i f ied .  
production personnel s h a l l  be informed of  the ul t imate  use of t h e  capacitors. 
If possible, t he  
3.2.2 Material 
- S T A N D A R D  
-X988500 
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3.2.2.1 Leads.- The material of both leads  s h a l l  contain not less than 60 percent 
low carbon iron, by volume, and shall be sheathed i n  copper and flashed with tin. 
4.5.2, t he re  sha l l  be no evidence of physical damage, the  capacitance s h a l l  be within 
+5 percent of t he  i n i t i a l  measurement, and the  d-c leakage shall not  exceed the  
applicable value specif ied i n  the  part-number table .  
3.2.3 Had-Vacuum Operation.- After t he  capacitors are t e s t ed  a s  specif ied i n  
3.2,.4 Thermal Shock.- di'ter the  capacitors a re  tes ted  a s  specified in 4.5.3, thera 
s h a l l  be no evidence of physical damage, the  capacitance s h a l l  be within t5 percent of 
the  i n i t i a l  measurement, and the d-c leakage s h a l l  not exceed the appl icable  value 
specif ied in the part-number table. 
3.2.5 
each of t h e  exposures specif ied i n  4.5.4 without degradation of physical o r  e l e c t r i c a l  
charac te r i s t ics  . 
Ste r i l i za t ion  Capability. - The capacitors s h a l l  be capable of withstanding 
After  the test  specified i n  4.5.4, the  capacitance s h a l l  be within fj' percent of thc 
initial measurement and the  d-c leakage s h a l l  not exceed the  applicable value specif ied 
i n  the part-number ta3le .  (The capacitors s h a l l  not be s t e r i l i z e d  before shipment.) 
3.2.6 Accelerated Life.- 
and the r e s u l t s  are analyzed s t a t i s t i c a l l  
which failure occurs and as  described i n  E: 5.5.2, the following requirements sha l l  be met 
Failure shal l  not occur a t  less thanl& times3he rated voltage, a t  8!?C 
Failure is defined as the value of d-c leakage which exceeds: 
When t h e  capacitors are tested as specified i n  &.5.5.1, 
based upon the multiple of rated voltage a t  
(a) 
I 
H U G H E S  A I R C R A F T  C O M P A N Y  
CULVER CITY CALIFORNIA -X980500 
CXPACIT3R FIY":, ELECTROL'IT TC -- 
TA?TALh!. SJLF ELEXTR3L'LPTE 
Whe're: Io = rated d-c leakaae a t  85" c 
(see.3.1 b) a t  Vo 
Vo = rated voltaqe 
S T A N D A R D  
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Vf = test voltaEe I 
For example, if the rated d-c leakage i s  6 microamperes a t  25O C, 
the test voltage i s  two times rated, and the test t e w r a t u r e  i s  85" C, 
f a i lu re  occurs when the leakaRe current exceeds: 
Ifail= > 5 x 6 x 10 x 2 = 600 microamperes. 
Failure i s  alternatively defined a s  the p o i n t  where scinti l latSon occurs 
as evidenced by momentary surges of current recurring twice within a 
5-second period, 
When three t ims t h e  standard deviation i s  subtracted from the mean l i f e  
t h e  result shal l  be not less than 10,ooO hours. 
TJielectric Breakdown.- When the capacitors are tested as s p e c i f i d  ~h 4.5.9, 
(b) 
3.2.7 
no f a i lu re  s h a l l  occur below one an3 one-half times the rated voltage. Failure is 
defined as a reading of d-c leakage above 1 milliampere steadily, or  two successive 
surges of the d-c leakage above 1 milliarpere within 5 seconds. 
the t e s t  sample, the difference between the highest and the l o w e s t  voltages a t  which 
fai lure  occurs s h a l l  not exceed 20 percent o f  the highest. 
For all capacitors in 
&. 0TTAL"Y ASSURANCF: PROVISIONS 
&.I Classjfication of Tests.- The inspect ion and t e s t i n g  of t he  capac i tors  s h a l l  
,e c l a s s i f i e d  as follows: 
(a )  Qua l i f i ca t ion  tests. (See 4.2.) 
(b)  Acceptance tests. (See b.3.)  
b . l . 1  Add? t i o n a l  Tests.- Yothing s h a l l  preclude t h e  manufacturer from taking such 
ldd i t iona l  samples and performing such addi t iona l  tests a s  he mav deem necessary o r  
les i rab le  t o  assure conformance t o  t h e  requirements of t h i s  spec i f ica t ion .  
tests may be conducted by Hughes Aircraf t  CompaRv t o  v e r i f y  da ta  submitted by the  manu- 
e ac turer . 
Additional 
h.2 Qual i f ica t ion  Tests.- Hughes Aircraf t  Company i s  responsible f o r  the per- 
romance of the specif ied qua l i f i ca t ion  tests. 
Laboratory designated by, Hughes Ai rc ra f t  Company. 
Test Sanple and Routine.- 
These t e s t s  w i l l  be conducted by, o r  a t  a 
4.2.1 A minimum of 36 specimens s h a l l  be subjected t o  
the qua l i f ica t ion  t e s t s  spec i f ied  i n  Table I, i n  the  order  l i s t e d .  
D f  capac i tors  I s  used, t he  same r e l a t i v e  proportions of specimens tes ted  i n  each group 
s h a l l  be maintained. 
If a grea te r  number 
TFST N U M Y R  OF TFST RPFFREYCF: PARAGRAPH 
B ' T R V E N T  TEST: , GROUP SP WEVJS ---__I_-__ ~ 
- 1  6 Ell Hard-Vacuum Operation 3.2.3 h.5.2 
I1 6 t-iy Thermal Shock 3.2.h 4.5.3 
H U C H E $  A I R C R A F T  C O M ? A N Y  
CULVER CITY CALIFORNIA 
CAPACITOR, FIXFD, FLFCTROLYTIC -- 
I I Ster i l iza t ior !  Capabi l i ty  3.2.5 I h.5.h 
IT1 I 2h I: 21 I Accelerated Llfe  3.2.6 0 .  
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Any value or r a t ing ,  a t  t he  d i sc re t ion  of HuPhes Aircraf t  Company. 
m12 capaci tors  of t he  2.2 microfarad +lo percent value,  a t  20 v o l t s  dc, 
and 1 2  capac i tors  of t he  hiRhest capacitance value and vol tage r a t ing ,  
i n  tbe  l a r g e s t  case s i ze ,  f o r  which approval i s  sought. 
4.3 Acceptance Tests.- 'he manufacturer i s  responsible  f o r  t he  performance of all 
specif ied acceptance tests, and f o r  supplying the  necessary samples used i n  such tests. 
The acceptance tests s h a l l  include the  100-percent screer ing tests specif ied i n  Table I1 
and t h e  sampling t e s t  specified i n  Table T I 1  ( a s  appl icable) ,  i n  t he  order l i s t e d .  
TAFLE 11.- 100-PFRCFNT SCREF'NING TESTS 
NUPIBFX OF 'ITST RRTRFVCE PA 
SPECIMENS REQrTIRJWFXT 
A l l  ARinR -- 
Dissipation Factor  
Applicable paragraph per MIL-C-26655. 
- .  
IN!PRCTIOY LOT SAMPLE 
QllAVTITY SIZE 
3 t o  25 h 
26 t o  LO 5 
L1 t o  65 7 
66 to n o  10 
111 and Over 1 2  
RTF'FRFJUCE PAFAGRAPH 
REQl'II1WENT I TEST- 
Dielectric Breakdown 3.2.7 L.S.9 , 
Accelerated L i f e  3.2.6 b .5.S 
BSarap le s  from inspection l o t s  of 25 capaci tors  o r  less s h a l l  be 
Samples from subjected only t o  the  d i e l ec t r i c  breakdown test. 
inspection l o t s  of 26 capacitors o r  more s h a l l  be subjected only 
t o  the  accelerated l ife tes t .  
t.3.1 Inspection Lot.- An inspection l o t  sha l l  be consis tent  w i t h  the batch- 
control  requirement (see 3.2.1.1) and shal l  cons is t  e n t i r e l y  of capaci tors  of the same 
case size, capacitance value, and voltage rat ing,  offered f o r  inspection a t  t he  same time 
L.3.2 Rejections 
4.3.2.1 Screening-Test Re Sections.- Defectives found during the  100-percent 
screening tests specified i n  Table I1 sha l l  be elimipated from the  inspection lo t .  
the w e n t  tha t  t h e  quant i ty  remaining i n  t h e  l o t  i s  incompatible with the  quant i ty  
reqvirement (see 3.2.1.2), the  e n t i r e  l o t  sha l l  be rejected,  unless a wr i t ten  waiver 
relaxing t h i s  requirement i s  granted by Huehes A i r c r a f t  Company. 
In 
h.3.2.2 Sampling-Test Rejections.- The samples s h a l l  meet the  reouirements of the  
Resubmission sha l l  not be made without applicable sampling test specified i n  Table 111. 
the approval of t he  Hughes Aircraf t  Conpany procurement ac t iv i ty ,  which sha l l  obtain 
wri t ten agreement from the cognizant component-engineering ac t iv i ty .  
h.3.3 Certification.- The suppl ier  sha l l  certify with each shipment tha t :  
( a )  The acceptance tests specified i n  b.3, inc1udir.g the  250-honr aging 
procedure, have been perf orned . 
The capacitors meet a l l  the specified reauirements. (b) 
L.3.L Data Submittal.- Within two weeks after shipment of t he  capacitors, the data  
The da ta  sha l l  include the measurements of d-c leakage, capacitance, and d i s s i -  
accumulated i n  performing the acceptance t e s t s  sha l l  be forwarded t o  Hughes Aircraf t  
Company. 
pat ion f a c t o r  obtained during t h e  100-percent screening tests and the  results of the  
applicable sampling test. 
curement a c t i v i t y  of Hughes Aircraf t  Company. 
separate  sealed envelope marked "Attention: 
A t  least three copies of the  da ta  s h a l l  be sen t  t o  the  pro- 
%IO of the copies s h a l l  be enclosed i n  a 
Components Department, Code RA-1, N v e r  
h.& Standard Test Conditions.- Unless otherwise specified, a l l  measurements and 
tests shall be Derformed a t  a b i e n t  pressure and humidity, and a t  an ambient temperature 
of 25' (+IO, -5)" C. 
H U G H E S  A I R C R A F T  C O Y P A Y Y  
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&.s Methods of Examination and Test 
CULVER CITY CALIFORNIA 
CAPACITOR, F I m ,  FZECTROLYTIC -- 
TANTAT UM. SOLID PLECTROLYTE 
h.5.1 General.- Where no tes t  method is  described, the  applicable method of 
MIL-C-2665s shal l  be used, 
h.5.2 Hwd-Vacuum Environment.- Before the  test, the  capacitance and d-c leakage 
The pressure s h a l l  be main- 
The capac i tors  s h a l l  
s h a l l  be measured. 
be evacuated to a pressure of 10-8 mill imeters  of mercury. 
tained a t  a maximum of 10-7 mill imeters of mercury for 250 hours. 
then be remved from the  container,  s h a l l  be examined f o r  hysical  damage, and the  
The capaci tors  s h a l l  be placed within a q l a s s  container,  which s h a l l  
capacitance and d-c leakage s h a l l  be measured. (See 3.2.3. P 
h.5.3 n e m a l  Shock.- Before the  test, the  capacitance and d-c leakage s h a l l  be 
measured. Each 
cycle s h a l l  be as follows: The capaci tors ,  while a t  room ambient temperature, s h a l l  be 
quickly innnersed i n  l i qu id  nitrogen. After 10 minutes of immersion, the capac i ta rs  sha l l  
be removed and, within 1 minute, s b a l l  be placed i n  an a i r  chamber held a t  + 1 2 5 O  23' C. 
After 10 minutes, the capaci tors  s b a l l  be removed from the chamber and s h a l l  be exposed 
t o  room ambient temperature for 5 minutes. 
t o r s  s h a l l  be examined f o r  physical  damage and the  capacitance and d-c leakage s h a l l  be 
measured. (See 3.2.h.) 
The Capacitors s h a l l  be subJected t o  5 complete cycles  of thennal &ock. 
IJpon camle t ion  of the 5 cycles,  t he  capaci- 
L.5.h S te r i l i za t ion  Capability.- Before the  t e s t  t he  capacitance and d-c leakage 
shall be measured. 
conpletion, the capaci tors  s h a l l  be measured. 
High Temperature.- 
of  125' C. This requirement is considered f u l f i l l e d  a s  a consequence 
o f  the  MIL approval defined i n  6.1.2. 
Chemical.- A 24-hour exposure t o  an atmosphere consis t ing of a mixture 
o f  1 2  percent ethylene oxide and 88 percent trichlorofluoromethane 
(Freon 1 2 )  by weight, a t  a temperature of 37.8' C and a r e l a t i v e  
humidity of 30 t o  50 percent. 
The ca?acitors s h a l l  then be subjected t o  t he  following t e s t s .  Upon 
(See 3.2.5.) 
( a )  Two 36-hour cycles of exposure t o  a temperature 
( b )  
h.s.5 Accelerated Life 
h.s.5.1 T e s t  Procedure.- The capaci tors  s h a l l  be.connected i n  a c i r c u i t  similar 
t o  t h a t  shown i n  Figure A, and s h a l l  be conditioned f o r  1 hour i n  a chamber a t  a tempera- 
t u re  of +& k2O C. 
i n  Figure B. The voltaRe sha l l  be increased gradually between steps,  a t  a r a t e  not 
exceeding 2 v o l t s  per second. %e tolerance a t  any s tep  s h a l l  be (+loo, -0.1) hours, a n c  
2 2  volts .  Power may be canpletely turned off a t  any time, but care s h a l l  be taken t o  
precondition the  capaci tors  a t  chamber temperature p r i o r  to reappl ica t ion  of voltage.  
A time l o a  shall be kept t o  show accumulated time accurately a t  each increment. 
current  s h a l l  be monitored during t h e  i n i t i a l  2 minutes of each step,  a t  approximately 
halfway through the step,  and a t  t he  end of each step. The current  a t  t h e  end of each 
step s h a l l  be recorded. 
occurs durinE the i n i t i a l  monitoring, t h e  capaci tor  s h a l l  be credi ted with 0.01 hour a t  
the higher voltage. 
occurred halfway between monitoring periods. 
s h a l l  be rearranged and presented on a cha r t  similar t o  t h a t  s b m  in Figure C. 
Increasing voltage s h a l l  then be applied, approximately a s  shown 
The 
Railed p a r t s  s h a l l  he disconnected immediately. If f a i l u r e  
I f  f a i l u r e  is detected subsequently, it s h a l l  be assumed t o  have 
The raw data  from t h e  time-log recorda 
p X 9 8 8 5 0 C  
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C A PAC I TOR S 
UNDER TEST 
RES ISTO R S 
k 5 % 
9 I N C A N D E S C E N T  L A M P  ( 1  2 5  VOLTS, 3 W A T T S )  USED A S  A CURRENT-LlMlTiNG 
RESISTANCE AND V ISUAL INDICATOR FOR F A I L U R E  
FIGURE A 
ACCELERATED L I F E  TEST C IRCUIT  









C q?ac 1 t m c e  pF Puphes Yumber Date Test Started 
R 3 t d  Voltace 'Jdc Fuehes Order No. - - Date Test ComFleted 
Lot Ihiantity - Date Prepared 
. C U L V E R  C I T Y  C A L l r O R N I A  . * * I O V C O  . 
CAPACITOR, FIXED, F! WTROLYTIC -- 
?ANTAI.l,N, W1,TD Y,SCTp.OIYTE 
... ... . ..... d... - 
1.6 1.5 
hS0 1150 
. . .  ?; 
I :  J 
__. _--.-- -..,. . . . .  . .  . .  . . . . . .  . . . .  .*. 
~ X 9 8 8 5 G C  
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a Final. current in  microamperes. 
Tn = T x (V/Vo)15 
FIGURE C 
S A W F L E  CIF CHART FCFi PRESENTATION OF 
ACCELEFATED LIFE TE5T DATA 
SPEC I FI CATION CONTROL DOC U M E NT 
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4.5.5.2 S t a t i s t i c a l  Analysis.- To obtain the  mean l i f e  and standard deviation, 
t h e  residts of  t he  accelerated l i f e  test s h a l l  be analyzed s t a t i s t i c a l l y  by t h e  following 
method : 
( a )  
(b) 
( c )  
Capacitors with the  same Hughes nunber s h a l l  be analyzed a s  an 
individual gmup. 
The first and l a s t  fa i lures  shall be omitted f r o n  the  computations. 
The accumulated operating t i m e  a t  a pa r t i cu la r  voltage s h a l l  be 
normalTzed by using t h e  15 th  power of the  voltage t o  account for the  
stress level. (For example 
s h a l l  be credited w i t h  l..@ o r  450 hours.) 
The t o t a l  accurmlated hours s h a l l  be averaged, 
The square root of  the mean of t he  deviations squared s h a l l  be 
computd. 
Three tines the stzrdard deviat ion shall be subtracted f r o m  the mean 
l i f e ,  and t he  result sha l l  be recorded. 
1 hour a t  1.5 times the  rated voltage 
(d> 
(e)  
( f )  
T h i s  is the  mean life. 
T h i s  is the  standard deviation, 
(See 3.2.6.) 
To provide a uniform failure rate, t h e  
4.5.6 Aging,- Each capaci tor  s h a l l  be s ib jec ted  t o  a t  least  the  rated voltage f o r  
250 hours a t  a minimum temperature of 85' C. 
rated voltage shall be derated at, temperatures above 85' C a s  shown i n  Figure D. 
of the  initial and f i n a l  measurements sha l l  be maintained, in o d e r  t h a t  capacitors 
.?iatc?i evidence anomalous behavior, even though they finally meet the  requirements 
s: or ' f i ed  i n  t h e  part-nurber table ,  may be culled out. During the  aging period, voltage 
s k a l l  be removed f r o n  t h e  capacitors f o r  a continuous one hour p e r i d ( + 5  minutes)in each 
21; hours. When voltage is reapplied it may be done a t  a gradual r a t e ,  t he  time in t e rva l  






SLOPE =- VOLTAGE RATING f 
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CAPACITnR FIXED FLTXc?ROLYTIC -- ~ X 9 8 8 5 O C  
CULVER CITY CALICORNIA 
FROM PART- 
NUMBER TABLE) 
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DERATING OF RATED VOLTAGE 
AT HIGH TEMPERATURES 
L.5.7 Temperature Cyc1inR.- The capac i tors  s h a l l  be subjected t o  the  temperature- 
No measurements are  reauired e i t h e r  before  or 
g c l i n g  test specified i n  pethod 102, Condition D, of MIL-STD-202, except t h a t  t h e  
step 3 high temperature s h a l l  be +12s0 C. 
nfter cycling. 
11.5.8 Worhwnship.- The capaci tors  s h a l l  be v i sua l ly  examined. (See 3.2.8.) 
h.5.9 Dielectr ic  Breakdown.- The capac i tors  s h a l l  be connected i n  a c i r c u i t  
similar t o  t h a t  shown i n  Figure A, except t h a t  no temperature chamber is  required. 
Increasing voltane s h a l l  be applied, approximately as shown i n  F i w e  B, except t h a t  the  
scale  of t i m e  sha l l  be i n  minutes instead of hours. 
gradually between s teps ,  a t  a r a t e  not exceedina 2 v o l t s  per second. The tolerance a t  
any s t ep  s h a l l  be (+3.0, -0.1) minutes, and 22 vo l t s .  
continuously, if possible,  or a t  any time during the  step,  after the  f i rs t  10  seconds. 
Fa i led  p a r t s  sha l l  be disconnected imed ia t e ly .  The test da ta  s h a l l  be presented on a 
chart  similar t o  tha t  s b o m  i n  F i v e  E. (See 3.2.7.) 
The voltape s h a l l  be increased 
%e current  s h a l l  be monitored 
1 
, 2  . 
DIFLECTRIC RREAWOWN "EST DATA 
H U G H E S  A I R C R A F T  C O M P A N Y  
CULVLR ClTV CALICORNIA 
CAPACITOR, FIXED ELECTROLYTIC -- 
TANTALUM, S O L ~ D  FZECTROLYTE 
Capacitance d Hughes N u m b e r  Date of Test 
Rated Voltage Vdc Hughes Order No. 
Lot ou an t i t y  Date Prepared 
8 T A N D A R 0  
p X 9 8 8 5 0 0  
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Highest Fai lure  Voltage 
Lowest Fa i lure  Voltage 
x loo = I 1  Highest - L m S t  - - Highest 
FIGURE E 
SAMPLE OF CHART FOR PRESENTATION 
OF DIELECTRIC BREAKDOWN TEST DATA 
. ,  
I .  
' .  
- -X90850( CULVER CITV CauFoRNia CAPACITOR, FIXIT), FZYCTROLYTIC -- 
TAVTALUM, S L I D  FLECTROLYTE 
5. PRTAFLATION FOR DEIJVERY 
5.1 Packa@ng.- " lhe  uni t  packape sha l l  contain ten, or a multiple of ten, capaci- 
tors (except where obviously una t tahable) ,  a l l  with the same p a r t  number. 
ex te rna l  shipping container may contain uni t  packaEes of d i f f e ren t  p a r t  number. 
e n t i r e  contents of the  u n i t  package sha l l  be mounted on one s t ruc ture  tha t  may be e a s i l y  
removed and replaced i3 the  un i t  packape. 
s t ruc ture  s h a l l  be orderly. 
capaci tors  from the st ructure .  
indlvidual  freedom to move and by preventinc contact between individual capaci tors  withix 
the  unit  package. 
surface through which a p a r t s  count can be made without removal of the  contents. 
the  manufacturer's name and/or trademark, manufacturer's p a r t  number, capacitance, 
tolerance, rated voltage, date  code, and the Hughes number i n  parentheses. 
marking is optional. 
t h e  mallest dimension, to permit stacking of u n i t  packages. 
6. NOTES 
6.1 Approval of Manufacturer 




The arranEement of t h e  capaci tors  on t h i s  
The l eads  sha l l  be accessible  without removal of the 
The capacitors s h a l l  be protected by r e s t r i c t i n g  t h e i r  
The u n i t  packai?e sha l l  preferably be provided with one transparent 
5.2 Harking of Unit Packages.- The un>t packages sha l l  be external ly  marked with 
Additional 
If possible, t he  specified marking shall appear on the  side with 
to supply uniform, r e l i ab le  p roduds  as specified below. 
As a minimum reauirement, the 
capabi l i ty  of t he  manufacturer t o  supply Style  CS12 and CSl3 capaci tors  i n  accordance 
w i t h  ME-C-26655/2 sha l l  be evidenced by inclusion of h i s  product on a M i l i t a r y  Qualifiec 
Products L i s t .  
Approval on Mil i tary Qual i f ied Products List.- 
Pat€ I I OF I8 
6.1.3 Process Control.- The manufacturer s h a l l  submit su f f i c i en t  information 
reearding product flow, process control, and any other  re la ted  da t a  t h a t  will es tab l i sh  
h i s  understanding and control  of t he  product. 
6.lJ.t Technical Competence.- The manufacturer s h a l l  have demonstrated, by 
piiblished a r t i c l e s  or other information, t ha t  he is  aware of the behavior of h i s  product, 
Xspecially per t inent  are r e l i a b i l i t y  proqams and s t a t i s t i c a l  s tud ies  which a id  i n  pre- 
d ic t ing  failure r a t e s  and i n  de tenninkg derat ing f o r  a-c and d-c stress levels .  
the  use of other information, including: 
6.1.5 Supplementary Information.- Manufacturer acceptab i l i ty  mav be determined by 
(a )  
(b) 
(c )  
(d) 
(e) Field failure reports. 
T e s t  da ta  avai lable  within Hughes Aircraft Company 
Test da ta  from interservice data-exchange programs (ID!ZP) 
Previous h is tory  of the manufacturer (adherence t o  del ivery schedules, 
pr ic ing policy, etc. 1 
The manufacturer ' s part ic ipat ion i n  other  h i@-re l i ab i l i t y  programs. 
I n  recorni t ion of the variable l eve l s  of confidence of t he  aforementioned items, proper 
consideration w i l l  be given t o  t h e i r  significance. 
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Appendix I1 
4. SYNCOM ELECTRONIC PA-RTS LIST 
INTRODUCTION 
The Syncom electronic pa r t s  l i s t  covers  a l l  spacecraf t  a s sembl i e s  
using semiconductors,  r e s i s t o r s ,  capaci tors ,  and inductors. 
Purchased  a s sembl i e s  and "low-population" units a r e  l is ted on the 
The remaining assembl ies  a r e  i temized on subsequent pages. f i r s t  page. 
Some standard electronic  pa r t s  were  selected which were  not covered 
by Hughes specifications; conversely,  specifications (X988000-XX) have 
called for  pa r t s  not identifiable with commerc ia l  pa r t  numbers.  
The following abbreviations a r e  used  throughout the p a r t s  l is t :  
A - B  = Allen-Bradley 
A-B re s i s to r s :  TR,  1 /10 watt; CB, 1 /4 watt; 
EB,  1 / 2  watt; GB, 1 watt; all 5 percent  carbon 
composition. 
TI = Texas Instruments  
PSI = Pacif ic  Semiconductor 
G R F F  = General  R F  Fitt ings 
' .  
PURCHASED ASSEMBLIES AND " L O W  -POPULATION" UNITS 
Number 
Per  
Hughes Space-  
Name Number c r a f t  Notation Note 
Input f i l ter  4961 06 1 
Input m i x e r  496107 1 
I I F  attenuator 496109 2 
High-level mixer  496113 2 
Single -sideband 496114 1 
f i l t e r  
3-db coupler 4961 17 1 
Dual-f i l ter ,  Hybrid 496 1 18 2 
Isolator  4961 19 2 
T r a v e  ling -wave 496121 2 
tube 
Frequency  doubler 496125 2 








4 diode D4142 M 
2-1 /10  w r e s i s t o r s  A-B 
se lec ted  as  matched 
pa i r  
1-1 /4 w r e s i s t o r s  A - B  
r e qui r e d 
connec tors  
2 -  G R F F  - T M  
1 diode Sylvania 1N 21F 
1 3-db d i rec t iona l  
coupler Hycon 
HDC 101 6 
Rantec FS 211-1 
Hycon HDC 1016 
( s e e  4961 13)  
Rantec  FS 213-1 
1 te rmina t ion  fi lmohm 
5526 
Hughes 314H 
2 - X988905-5 Var icap  
Microwave Assoc .  
2 - X988520-1 Johanson 
1-10 ppf 
2 - X988913-1 Var icap  
Microwave Assoc.  
2 - X988520-1 Johanson 
1-10 ppf 
:::Hughes Aircraf t  Company manufacture  and a s s e m b l y .  
::: Purchased  i tem. 
PURCHASED ASSEMBLIES AND "LOW -POPULATION" UNITS (continued) 
Number 
Per 
Name Number craft Notation Note 
Hug he s Space - 
Coaxial  a t tenuator  4961 30 2 44 kiycon HDC 101 6 
( s e e  496113) 
f i lmohm 5526 
1 te rmina t ion  
Coaxial  r e l a y  4961 39 1 
20-db coupler  496 140 1 
Detector  mount 496141 1 
F l igh t  t e r m i -  496405 
ination timer 
B a t t e r i e s ,  10-cel l  496502 
B a t t e r i e s ,  12-cel l  496503 
Pyro technic  switch 49661 5 
1 
44 
9 2 - E r i e  Cap. GP3-24D4- 
152M feed-through 
2 - X988500-11 Kemet  
10 pf 50 v 
1 Sigma r e l a y  32 
R J P D  780 GD G S P  
** Hycon HDClO27 
** Hycon HDM1023 
1 diode X9887 18- 1 
1N3 062 
** Bulova TE-12 
** Sonotone (see Hughes 
Specification Control  
Drawing 254023) 
** Atlas  Powder  Co. 
MS4.4-D. 1 - C T l  
2 - X988610-30 r e s i s t o r  
*Hughes A i r c r a f t  Company manufacture  and a s s e m b l y .  * $6 P u r  c ha s e d it em. 
TRANSPONDER AND TELEMETRY REGULATORS, 496008, 
ONE PER SPACECRAFT 
Hughes C o m m e r c i a l  





























X988 61 0 - 289 








X988 5 00 - 1 44 
X988504-32 







Res i s to r  
Res i s to r  
T r a n s i s t o r  
Res i s to r  
R e s i s t o r  
Diode 
Res i s to r  
Re a i s  t o r  
Res i s to r  
Res i s to r  
Res i s to r  
R e s i s t o r  
Res i s to r  
Capaci tor  
Capaci tor  
Capaci tor  
T r a n s i s t o r  
T r a n s  i s to r  
T r a n s i s t o r  










T I  










F a i r c h i l d  
T I  
CB 




PS4 26 1 
C C  
C C  
CB 
TR 
E B  








11 1 1 4 ~  570 
11 1 / 2 W  5% 
5600 114 w 5% 
3900 114 w 5% 
10. OOK 118 w 1% ca rbon  f i lm 
20. OK 1 18 w 1% ca rbon  film 
3900 1 w 5% 
2200 1 110 W 5% 
360 112 w 5% 
10K 1 / 1 0 ~  5% 
15 pf 50 v 10% tantalum 
22 fl 50 v 10% tantalum 
0.01 pf 30 v 5% c e r a m i c  
2200 1 I 2  w 5% 
COMMAND RECEIVER AND BATTERY REGULATOR, 496009, 
ONE P E R  SPACECRAFT 
Hughes Comme r cia1 



















































X9887 00 - 2 
X988704- 16 
X988728-1 














Res is tor  
Res is tor  
Res is tor  
Res is tor  
Res is tor  
Res is tor  
Res is tor  
Res is tor  
Re s i s tor  
Res is tor  
Res is tor  
Res is tor  






Trans is tor  
Trans is tor  
Trans is tor  


























We st inghouse 
PSI 










1N 2934 - 
CC 118 
CB 
E B  
CG 114 








CC-1 / 8 
HD48161PS585 
1N485B 





S P  345(TIX 2150) 
- 
- 
22K 114 w 5% 
- 
0.01 150 v 10% c e r a m i c  
15 50 v 10% tantalum 
12.7 1% carbon f i lm 
2000 1 w 5% 
10 112 w 5% 
32.4K 1 /4 w 1% carbon film 
3 n 1 / 2 w 5 %  
15K 1 / 4  w 5% 
10K 1/10  w 5% 
2200 1 /10  w 5% 
10K 1 / 4  w 5% 
1.50 1 w 1% fixed f i lm 
3.92K 1% carbon f i lm 
20. OK carbon f i lm 




TRANSPONDER - MASTER OSCILLATOR, 4961 01, 
TWO P E R  SPACECRAFT * 
Hughes C o m m e r c i a l  












































X988670- 14  











































C r y s t a l  
Diode 
T r a n s i s t o r  
T r a n s i s t o r  
T r a n s i s t o r  
R e s i s t o r  
R e s i s t o r  
Res i s to r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
Re s i  s to  r 
R e s i s t o r  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Cover  a s s e m b l y  
Base a s s e m b l y  
T r a n s f o r m e r  
T r a n s f o r m e r  
T r a n s f o r m e r  
T r a n s f o r m e r  
T r a n s f o r m e r  
T r a n s f o r m e r  




















A - B  
A-B 
E r i e  






















1537 - 26 







T R  
TR 
T R  
TR 
TR 
















28. 8917 m c  
4 v Z e n e r  
15 1 / 4  w 
10  114 w 
10K 1 / 1 0  w 
7 . 5 K 1 / 1 0 w  
3.9K 1 / 1 0  w 
2K 1 / 1 O w  
1K 1 / 1 O w  
150 1 / 1 0  w 
1.6K 1 / 2  w 
51 114 w 
100 1 w 
3.9K 1 w 
5 ‘ppf 2570 
10000 (ppf) 150 v 10% 
15  pf 20 v 
0.001 pf 300 v 5% g l a s s  
100 ppf 500 v 570 g l a s s  
27 ppf 500 v 570 g l a s s  
10  ppf 500 v 5% g l a s s  
3. 9 ppf 500 v 5% g l a s s  
2. 2. ppf 500 v 5% g l a s s  
1 - 10 ppf va r i ab le  
0.001 feedthrough 
Core:  T37-6 m i c r o m e t a l s  
X 3 2  MULTIPLIER, 496102, TWO P E R  SPACECRAFT 
Hughes Commercial  
Quantity Number I tem Manufacturer Number Note 
Varicap 
PC4006 Varicap 
2 X988918-2 Diode Microwave 4325F 
2 X988903-9 Diode PSI 
2 978207 - 2 F e e  dth rough 
4 978012-1 F e e  dthrough - 
Assoc. 
t e r m  
t e r m  
10 Capacitor CB 1 IRE1 O Z J  
13 X9885 20- 1 Capacitor Johanson 1-10 p p f  
1 457453 Coil 
1 X988918- 1 Diode Microwave 4325D Varicap 
Assoc. 
6 - Capacitor Er ie  2404-041 -102 Feedthrough 
2 X988905-6 Diode Microwave 4355A Varicap 
2 X988905-8 Diode Microwave 4355c Va r ica  p 
1 X988 21 4-  1 Connector GRFF 8 2- 260 Coaxial 
Assoc. 
Assoc. 
PREAMPLIFIER, 4961 08, ONE PER SPACECRAFT 
Hughes Commerc ia l  











































T r a n  sfo r m e r  
T r a n s f o r m e r  
T r a n s f o r m e r  
Capaci tor  
Res i s to r  
Choke 
T r a n s i s t o r  
Choke 
Choke 
Res i s to r  
R e s i s t o r  
Res i s to r  
Res i s to r  
Capacitor 
Capacitor 
Capaci tor  
Capacitor 






































510 1 / 1 0  w 5% 
22 p h  10% 
18 p h  10% 
10K 1 / 1 0  w 5% 
4700 1 /10 w 570 
3300 1 / 1 0  W, 5% 
3000 1 /10  w 5% 
0.01 pf c e r a m i c  
0.001 pf 500 v 5 % g l a s s  
10 p p f  500 v 5% g l a s s  
0.001 pf 500 v c e r a m i c  
1-10 ppf 250 v 
POSTAMPLIFIER, 4961 11, TWO PER SPACECRAFT 
Hughes Commercial 
Quantity Number Item Manufacturer Number Note 
1 X988670-2 Choke Delevan 1537-02 - 
3 - Transformer Hughes - 
3 X988828 - 1 T rans istor TI 2N1405 - 
1 X988600,42 Resistor A-B TR 510 1 /10  w 
2 X988600-65 Resistor A-B TR 4 . 7 K l / l O w  
2 X988600-61 Resistor A-B TR 3 . 3 K 1 / 1 0 w  
1 X988600-55 Resistor A-B TR 1.8K 1/10  w 
1 X988600-49 Resistor A-B TR 1K 1 / l O w  
10 X988670-22 Choke Delcvan 1537-42 18.0 p h  10% 
8 X988504-32 Capacitor Vitramon VK30CW 103K 0.01 pf 10% 150 v 
1 X988503-46 Capacitor Corning CY F M  1 DC - 1 3 1 130 ppf 5% 500 v 
2 X988503-17 Capacitor Corning CYFMlDC-8R2 8.2 p ~ f  5% 500 v 
8 X988 5 26- 1 capacitor A-B 909088 -51 1000 &Af 500 v (ABFAW-102) 
2 X988212-3 Connector Microdot 31 -50 - 3 X988520-1 Capacitor Johanson 2950 1-1 0 p p f  variable 
1 457201 Cover Hughes - - 
1 457200 Base Hugher - 
AMPLIFIER FILTER-LIMITER, 4961 12,  
ONE P E R  SPACECRAFT 
Hughes C o m m e r c i a l  





































































































Res i s to r  
Res i s to r  
R e s i s t o r  
Re s i  s to r  
Res i s to r  
Res i s to r  
Res i s to r  
Res i s to r  
Res i s to r  
Res i s to r  
Res i s to r  
Res i s to r  
R e s i s t o r  
Res i s to r  
Res i s to r  
R e s i s t o r  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Heat  sink 
Spacer  
Cover  a s s e m b l y  
Base  a s s e m b l y  
Connector 
T r a n s f o r m e r  
T r a n s f o r m e r  
T r a n s f o r m e r  
T r a n s f o r m e r  
T r a n s i s t o r  








































T I  
T I  
Microdot  





T R  
T R  
T R  
TR 
T R  
T R  
TR 
T R  
T R  






C B  
VK 
CY F R  
CY F R  
CY FR 
CYFR 
CY F R  
CY F R  
CYFR 
CY FR 
CY F R  
( F A  5H-102W) 
J M C  2951 
J M C  2950 




51K 1 / 1 0  w 5% 
4700 1 /10 w 5% 
3300 1 /10  W 5% 
2700 1 / 1 0  w 570 
2200 1 / 1 0  W 570 
1600 1 / 1 0  w 5% 
100 1 / 1 0  W 570 
180K 1 /10 w 570 
270 1/1OW 5% 
110 1 / 1 0  W 5% 
10 1 / 4  W 5% 
470 1 / 4  w 5% 
51 114 w 5% 
1 2  114 w 5% 
27 114 w 5% 
1. 5 pf 20 v tantalum 
10,  000(p+f) 150 v lOO/ocerami 
15  ppf 500 v 5% g l a s s  
68 ppf 500 v 5% g l a s s  
75 ppf 500 v 5% g l a s s  
100 ppf 500 v 5% g l a s s  
22 ppf 500 v 5% g l a s s  
18 ppf 500 v 570 g l a s s  
1 2  ppf 500 v 5% g l a s s  
10  ppf 500 v 5% g l a s s  
62 ppf 500 v 570 g l a s s  
g l a s s  
1000 ppf 500 v c e r a m i c  
1-10 ppf 250 v 
1 -10  ppf 250 v 
33 1 / 4  w 5% 
18 p h  10% 
12  p h  10% 
2.7 p h  10% 
0.68 p h  10% 
TWT CONVERTER, 4961 22, TWO PER SPACECRAFT 
Hughe s Commercial  















































87 28 37 
X988503-67 





























X9887 24 - 1 
X988601-123 
Res is tor  
Res is tor  
Res is tor  












Trans is tor  
Trans is tor  




Terminal ,  
feedthrough 
Terminal ,  












Res is tor  
Res is tor  
Res is tor  
Res is tor  
Capacitor 
Diode 
















Fairchi ld  
F a i r  child 
GRFF 
GRFF 
E r i e  












































43K 114 VJ 5% 
lOOK 1 / 2  w 5'70 
10K 114 w 5% 
lOOK 1 / 4  w 5% 
- 
0.001 p f  300 v 5% g l a s s  
15. 0 pf 50 v 10% tantalum 
6. 8 pf  35 v 10% tantalum 
0.1 pf 600 v 10% paper  
0.0022 pf 600 v 10% paper  
0.1 pf 200 v 5% paper  
0.01 pf 200 v 5% paper  
330K 1 f 4  w 5% 
200 1 f 4  w 570 
100 1 W 5% 
1K Z W  5% 
22 pf 50 v 10% 
100 ohms 
IF WIDE-BAND PREAMPLIFIER,  4961 27, ONE P E R  SPACECRAFT 
Hughes Commerc ia l  

























X988 600 -42 
457332 
X988 670 - 23 










X9885 20- 1 




T r a n s f o r m e r  
T r a n s f o r m e r  
T r a n s f o r m e r  
Res i s to r  
Choke 
T r a n s i s t o r  
Choke 
Choke 
Res i s to r  
Re s i s to r  
R e s i s t o r  
Res i s to r  
Capaci tor  
Capaci tor  






























T R  
TR 
VK30CW103K 
CY FM15C - 10 2 
1537-42 




CYFMl OC- 220J 
22. 0 p h  10% 
18. 0 p h  10% 
10K 5% 1 / 1 0  w 
4. 7K 5% 1 / l o  W 
3.3K5?% 1 / 1 o w  
3K 5% 1 / 1 0  w 
3K 5% 1 / l o  w c e r a m i c  
0.001 pf 5% 300 v g l a s s  
10 ppf 5% 500 v g l a s s  
0.001 pf 5% 500 v g l a s s  
0.8-10. 0 ppf 
22 ppf300v 5% 
t 
IF WIDE-BAND LIMITER, 4961 29,  ONE P E R  SPACECRAFT 
Hughes Commerc ia l  



































































Transformer  TZ 





Trans is tor  
Trans is tor  
Connector 
Coil 
Res is tor  
Res is tor  
Res is tor  
Res is tor  
Res is tor  
Res is tor  







Res is tor  
Heat sink 
Cover assembly 
Base  assembly 
Capacitor 
Capacitor 
Res is tor  
Res is tor  
Resis tor  







































31 -50 - 
CB 
EB 











TR - - - 
CYFMlOC3R3C 







8 v Zener  
- 
68 ohms 114 w 5% 
470 112 w 5% 
36K 1 / 1 0  w 5% 
4.7K 114 w 5% 
2.4K 114 w 5% 
IK 1 1 1 0 ~ 5 %  
100 1 /10  w 5% 
1.5  pf  20 v 
68 ppf 500 v 
1-10 ppf 
0.01 ppf 
1-10 W f  
- 
30K 1/10  w 5% 
- 
3.3 p f  400 v 5% glass  
160 p+€ 100 v 5% 
2K 114 w 5% 
3K 114 w 5% 
150 ohms 1 /10  w 5% 
51K 1 / 1 0  w 5% 
INVERTER M U L T I P L I E R ,  4961 37 ,  T W O  P E R  SPACECRAFT 
Hughes Commercial  




















457221 -1  
X988600-61 















Resis tor  
Heat sink- 
t rans is tor  
Resis tor  
Screw 
Terminal ,  stud 






Resis tor  
Res is tor  
Diode 
Trans is tor  























54  9.6 7 
300 1 / 4  w 
3 .3K 1 / 1 0  w 
24K 1 / 4  w 
0 .01  pf 20 15  v 
6 .8  pf 35 v tantalum 
22 pf 35 v tantalum 
Selected in  test* 
510K 1 / 1 0  w 
::Voltage dividing network. 
I - I  
ENCODER AND SOLENOID DRIVER, 496201, 
ONE PER SPACECRAFT 
Hughe s C o m m e r c i a l  
Quantity Number Item Manufacturer Number Note 
1 X988915 -1 Rect i f ier  T I  
4 X988825 -2 T r a n s i s t o r  T I  
1 253148 Vector  voltage - 
control led 
osc i l l a to r  
2 449496 Bracke t  - 
1 449497 Space r  - 
2 449494 Holder ,  - 
t r a n s i s t o r  
Encoder  Commutator  Module Assembly  
1 X988500-203 Capaci tor  Kemet 
Rheem 
1 X988601-87 R e s i s t o r  A-B 
1 5  X988601-128 R e s i s t o r  A-B 
15 X988821-1 T r a n s i s t o r  Phi lco 
88 X988713-1 Diode Fairchi ld-  
Encoder  Isolation Amplif ier  Module Assembly  
4 X988500-81 Capaci tor  Kemet 
4 X988802- 2 T r a n s  i s t o r  Fairchild 
4 X988601-118 R e s i s t o r  A-E 





























X988713 - 1 























Capaci tor  
Capaci tor  
Diode 
Diode 
Re si s t o r  
Res i s to r  
R e s i s t o r  
Res i s to r  
Res i s to r  
Res i s to r  
Res  i s to r  
Res i s to r  
R e s i s t o r  
Res i s to r  
Res i s to r  
Res i s to r  
R e s i s t o r  
R e s i s t o r  
Res i s to r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
Res i s to r  
R e s i s t o r  
Res i s to r  
Res i s to r  
Res i s to r  
Kemet 











U It ronix 
Ult  ronix 
U It ronix 
Ultronix 
Ult  ronix 




Ult  ronix 
U It ronix 
U It ronix 
Ultronix 
U l t  ronix 
U It ronix 
- 
W 1 74( 2N177 2A) - 
CP422- 21 2N104 1 - 2) - 
P u r c h a s e d  




































1.0 pf 50 v 5% 
10K 114 w 5% 
SlOK 114 w 5% 
4.7 pf 10 v 10% 
2OOK 114 w 5'70 
1.0 p f  50 v 5% 
2.4K 1 / 4  w 5% 
2.7K 114 w 57" 
5.1K 114 W 5% 
51K 1 14 w 5% 
82K 1 I4  w 5% 
lOOK 1 /4 w 5% 
360K 114 w 5% 
430K 114 w 5% 
1K 1 / 1 0  w 
1.96K 1 / 1 0  w 
2.05K 1 / 1 0  w 
2.15K 1 / 1 0  w 
2.26K 1 / 1 0  w 
2.37K 1 / 1 0  w 
2.49K 1 / 1 0  w 
3.57K 1 I10 w 
3.65K 1 / 1 0  w 
3.74K 1 /10 w 
3.83K 1 / 1 0  w 
3.92K 1 / 1 0  w 
4.02K 1 / 1 0  w 
1.90K 1 / 1 0  w 
4. OOK 1 / 1 0  w 
ENCODER AND SOLENOID DRIVER, 496201 (continued) 
Hughes C o m m e r c i a l  
























X988 64 2 - 7 0 1 
X988642-7 16 
X98864 2-7 25 
X988821-1 
X988802-2 
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
T r a n s i s t o r  
T r a n s  i s t o r  
Solenoid D r i v e r  Module Assembly  
1 X988500 -5 2 Capaci tor  



























R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
T r a n s i s t o r  
Encoder  Amplifier Module Assembly  
2 X988500-48 Capaci tor  
1 X988500-70 Capaci tor  
1 X988500 -5 2 Capaci tor  
2 X988504-26 Capaci tor  
4 X988504-32 Capaci tor  
5 X988713-1 Diode 
1 X988601-63 R e s i s t o r  
1 X988601-86 R e s i s t o r  
1 X988601-99 R e s i s t o r  
2 X988601 -100 R e s i s t o r  






U It r onix 
U It ronix 
Ultronix 
Ultronix 
U It ronix 






U It ronix 
U It  ronix 
Phi lco 
F a i r c h i l d  
Kemet  




A - B  












Vi t r amon  
Vi t r amon  










































KZR 2 J 2OK 









4.12K 1 / 1 0  w 
4. 22K 1 /10  w 
4.32K 1 / 1 0  w 
4.42K 1 / 1 0  w 
4.90K 1 /10  w 
5. OK 1 /10  w 
5.1K 1 / 1 0  w 
5. 2K 1 /10 w 
5.3K 1 / 1 O w  
5.4K 1 / 1 0  w 
5.4K 1 / 1 0  w 
5.5K 1 / 1 0  w 
5.6K 1 / 1 0  w 
5.7K 1 / 1 0  w 
5.8K 1 / 1 0  w 
5.9K 1 / 1 0  w 
6.OK 1 / 1 0  w 
6.1K 1 / 1 0  w 
47 / L f  50 v 10% 
100 114 w 5% 
1K 114 w 570 
1. 1K 1 / 4  w 5% 
2K 1 / 4  w 570 
3K 114 w 5% 
3. 6K 114 w 5% 
10K 1 / 4  w 570 
24K 1 / 4  w 570 
30K 1 / 4  w 5% 
1. 0 pf 50 v 10% 
4.7 pf 50 v 10% 
2.2 pf 20 v 10% 
0.01 pf 30 v 10% 
1. OK 1 / 4  W 570 
9.1K 1 / 4  w 5% 
33K 114 W 5% 
36K 1 / 4  w 5% 
47K 114 w 5% 
ENCODER AND SOLENOID DRIVER, 496201 (continued) 
Hughes Commercial 
Quantity Number Item Manufacturer Number  Note 












































































51K 114 w 5% 
130K 1 14 w 5% 
8ZK 114 w 5% 
lOOK 114 w 5% 
l2OK 114 w 5% 
160K 114 w 5% 
300K 114 w 5% 
510K 114 w 5% 
1.54K 1 18 w 5% 
2.49K 118 w 5% 
2L6K 118 w 5% 
36. 5K 1 I8 w 5% 
2871 carbon film - - 
T E L E M E T R Y  BIAS S U P P L Y ,  496202,  O N E  PER SPACECRAFT 
Hughes 
Quantity Number  
C o m m e r c i a l  


























NASl 1 01 C-00- 3 
NAS671-CO 














978207 -2  





X9887 24 - 1 




Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
Diode 
Coil  
T r a n s f o r m e r  
Heat  s ink 
T r a n s i s t o r  
T e r m i n a l ,  s tud  
T e r m i n a l ,  s tud,  
ground 
T e r m i n a l  
Connector ,  
Cover  
Housing 












F a i r  child 
A - B  
A - B  
Hughes 





CY F M  
VK30CW103K 
E B  
E B  
CB 
C B  
CB 
RD500 (RD2784) 
4. 7 pf 50  v 10% tan ta lum 
1 pf 50 v 10% t an t a lum 
0. 001 pf 300 v 5% g l a s s  
0. 0 1  
910 1 / 2  w 5% 
1 2  112 W 5% 
510 114 w 5% 
68K 114 w 5% 
pf 30 v 570 
16K 1 / 4  w 5% 
S4967 2N871 
8-2260 Coaxial  - T M 
TELEMETRY TRANSMITTER, 49621 1 (continued) 
Hughes C o n  me r c ia 1 








































T r a n s f o r m e r ,  
R F  core  
Transformer ,  
R F  core  
Choke, R F  















Re s is tor  
Res is tor  
Res is tor  
Res is tor  





















CYFM 10C560J  
CYFM l O C l O l J  
909088 -51 
FASH - 1 02W 
CB 




0. 68 p h  10% 
Boron nitride 
1 5  ppf 500 v 5% glass 
22 p+f 500 v 5% glass 
56 ppf 500 v 5% glass 
100 Ppf 500 v 5% glass  
56  ppf 500 v 5% 
100 ppf 500 v 5% 
0. 1 pf 50 v 2070 
0. 15  p h  10% 
0. 001 500 v ceramic  
- 
51 ohms 114 w 570 
51 ohms 112 w 5% 
56 ohms 114 w 5% 
200 ohms 112 w 5% 
1 OK 1 / 4  w 5% 
TELEMETRY TRANSMITTER, 49621 1, ONE P E R  SPACECRAFT 
Hughes C o m m e  r cia1 































































































Coil ,  R F  
Coil, R F  
Choke, R F  
Coil ,  R F  
Sc rew lock a s s e m b l y  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Re 8 i 8 t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
Res i s to r  
Res i s to r  
Re s i s to  r 
R e s i s t o r  
Res i s to r  
Res i s to r  
R e s i s t o r  
Res i s to r  
R e s i s t o r  
Diode 
Diode, Z e n e r  
Diode 
T r a n s i s t o r  
T r a n s  i s to  r 
T r a n s i s t o r  
C r y s t a l  
T r a n s i s t o r  
Cover  
Chass i s  
Capaci tor ,  f ixed 
Re ta ine r  
Connector,  R F  
Connector 
T r a n s f o r m e r ,  R F  
T r a n s f o r m e r ,  R F  
T r a n s f o r m e r ,  R F  
















A - B  
A-B 
A - B  
A - B  
A - B  
A - B  
A - B  
A - B  
A - B  
A - B  
A - B  
A - B  




T I  













CYFRl  OC-1 00 
CYFRl5C-471 
CYFRl  OC-6R2 
CYFRl  OC-470 





T R  
T R  
T R  
T R  
T R  
T R  
T R  
T R  
T R  
PC117-47 PC4005 
PS4249 








5.60 p h  10% 
0.8-10.0 pFf 250 v 
0.8-10.0 pff 250 v 
15.0 pf 10  o 20 v 
0.1 pf 10% 200 v 
0.01 pf 30 v 
470 ppf 5% 500 v 
47 ppf 5% 500 v 
1000 ppf 5% 300 v 
10 1 W 5% 
8 2  1 w 5% 
510 1 w 5% 
3.9K 1 w 5% 
1 m e g  114 w 5% 
1 .8K 114 w 5% 
2. 7K 114 w 570 
510K 114 w 5% 
10K 114 w 570 
150 114 w 5% 
1K 114 w 5% 
620 1 I 4  w 5% 
Var i cap  
4 v Z e n e r  
Var i cap  
360K 114 w 5% 
68. 235 m c  
DIPLEXER, 136 MC, 496221, TWO P E R  SPACECRAFT 
Hughes 
Quantity Number Item 
Commercial 













































X988503 - 28 

















































Hughe s - 
Hughes - 
A-B CB 




Corning CY FM1 OC- 220 
Johanron JMC 2950 
Johannon JMC 2951 
Corning CYFRlOC-150J - 
A-B - 
(FA5H - 102W) 






b2.K 1/10 w 5% - 
- - - 
360 114 w 5% 
0.001 pf 300 v 5% glass 
3.3 pf 400 v 5% glass 
20 ppf 500 v 5% glare 
24 ppf 500 v 5% glass 
22 ppf 500 v 5% glars 
15 p/&OO v 5% glasn 
0.00 1 p.f ceramic 
1-10 ppf 250 v 
1-10 f 2 5 0 ~  
- 
COMMAND RECEIVERy 496301 TWO P E R  SPACECRAFT 
Hughes C o m m e r c i a l  
















































































































Re s i  s to  r 
Res i s to r  
Res i s to r  
Res i s to r  
Res i s to r  
Res i s to r  
Res i s to r  
Re s i  s to r  
Re si s to  r 
R e s i s t o r  
Res i s to r  
R e s i s t o r  
R e s i s t o r  
Res i s to r  
R e s i s t o r  
Res i s to r  
Res i s to r  
R e s i s t o r  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  





T e r m i n a l ,  standoff 
Crys t a l  
F i l t e r  c a n  
Crys t a l  f i l t e r  
T r a n s f o r m e r  
T e r m i n a l  







Coil ,  fixed 
Coil ,  f ixed 
Coil ,  f ixed 
Coil ,  f ixed 
T r a n s i s t o r  
T r a n s i s t o r  
T r a n s i s t o r  
Capaci tor  
Res i s to r  











































Fa i r ch i ld  
Coast  Coil  
Coast  Coi l  





Fa i r ch i ld  
Fa i r ch i ld  










T R  
T R  
T R  
T R  
T R  
T R  
T R  
T R  
T R  
T R  























CYFMl  OC- 2205 
T R  
T R  
1537-02 
1 2  114 w 570 
22 114 W 5% 
12K 1 / 1 0  w 5% composi t ion 
27 1 / 4  w 5% composi t ion 
3. 9K 1 w 5% composi t ion 
3. OK 1 / 4  w 5% composi t ion 
lOOK 1 /10  w 5% composi t ion 
10K 1 / 1 0  w 57’ composi t ion 
9. 1K 1 /10  w 5% composi t ion 
6.8K 1 /10  w 5% composi t ion 
5. 1K 1 / l o w  5% composi t ion 
3. 3 K 1 /10  w 5% composi t ion 
2. 7K 1 /10 w 5% composi t ion 
2. 2K1/10w5q0  composi t ion 
1. 5 K 1 / 1 0 w  5% composi t ion 
1. OKl/ lOw5qo composi t ion 
200 1 / 1 0  w 5% composi t ion 
33 1 / 4  w 5% composi t ion 
15 pf 50 v 10% tantalum 
15  p f 20 v 10% tantalum 
510 ppf 500 v 5% g l a s s  
51 ppf 500 v 5% g l a s s  
0. 001 pf 300 v 5% g l a s s  
10  ppf 300 v 5% g l a s s  
0.01 pf 30 v 5% c e r a m i c  
2OOpp f 300 v 5% g l a s s  
0.8-10. 0 p p  f 
1000 ppf c e r a m i c  
315D 
G R F F  82272 
118. 297 m c  
PS4249 
FD114B 
12.0 p h  0% 
0 . 1 5 p h  0% 
0 . 2 2 p h  0% 
1.80 p h  10% 
FD4979 
GM0159 
560 1 / 1 0  w 5% g l a s s  
150 1 / 1 0  w 5% g l a s s  
RANGE FILTER, 496310, ONE PER SPACECRAFT 
Hughes Commerc ia l  


































X988503 - 1 2  

















Trans is tor  







Res is tor  
Resis tor  
Res is tor  
Res is tor  
Res is tor  
Res is tor  
Res is tor  
Res is tor  
Res is tor  
Res is tor  
Re s is to  r 






F a i r  child 
































T R  
T R  
T R  











0.01 p f  
2 2 p f  35 v 10% 
1.0 p f  50 v 10% 
0.1 pf 50 v 10% 
5.1 ppf 500 v 5% 
10K ohms 50 w 
1 /10  w 24 ohms 5% 
1/10  w 22 ohms 5% 
1/10  w lOOK 5% 
1/10  w 36K 5% 
1/10  w 22K 5% 
1/10 w 4.7K 5% 
1/10  w 2.7K 5'70 
1 /10  w 1.8K 5% 
1/10  w 1K 5% 
1/10  w 1. OM 5% 
1 /10 w 75K 5% 
- 
DECODER FILTER, 496311, ONE P E R  SPACECRAFT 
Hug he s C o m m e r c i a l  





















































































































Capac i to r  
Capac i to r  
Capac i to r  
Capac i to r  
Capac i to r  
Capac i to r  
Capac i to r  
Capac i to i  
Capac i toL 
Capac i to r  
Capac i to r  
Capac i to r  
Capac i to r  
Capac i to r  
C apa  c i t e r  
Capac i to r  
Capac i to r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e  si s to r 
R e s i s t o r  
R e s i s t o r  
R e  sis to r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
Diode 
T r a n s i s t o r  
T r a n s  is to r  
Cover  
Housing 
Coi l  
Coi l  
Capac i to r  
Capac i to r  
Capac i to r  
Capac i to r  
Capac i to r  
Capac i to r  
Capac i to r  
Capac i to r  
Capac i to r  
Capac i to r  
Capac i to r  
Capac i to r  
.Capac i tor  
Capac i to r  
Capac i to r  
Capac i to r  
Capac i to r  
Capac i to r  
Capac i to r  
Capac i to r  
Capac i to r  
Capac i to r  
Capac i to r  
Capac i to r  
Corn ing  
Corn ing  
Corning  
Corn ing  
Corn ing  
Corn ing  
Corn ing  
Corn ing  
Corning  
Corn ing  
Corning  
V i t r a m o n  
K e m e t  
K e m e t  
K e m e t  
Kemet  
K e m e t  
A - B  
A-B 
A - B  
A - B  
A - B  
A - B  
A - B  
A - B  
A - B  
A - B  
F a i r c  hild 
Fair ch i ld  
Fair ch i ld  
Hug he s 
Hughes  
C o a s t  Co i l s  
Coas t  Co i l s  
Corning  
E l e c t r o  - 
Motive 
E l e c t r o  - 
Motive 
E le c t r o  - 
Motive 
Corn ing  
Corn ing  
E l e c t r o -  
Motive 
Corn ing  
Corn ing  
Gorning  
Corning  
Corn ing  
Corn ing  
Corn ing  
Corn ing  
Corn ing  





Corn ing  
Corn ing  
Corn ing  
CYFM 
C Y F M  
CYFM 
CYFM 




C Y F M  
C Y F M  













K15 J 50K 
K15 J 20K 
KROZZJ 50K 
KRI J 50K 
KR047J  50K 










( I N - 3 0 6 2 ) F D  1148 
(2N-722)  S 4970 
(2N-871)  S 4967 
45721 3 -2  
457213-1 
















CYFM 15C-821J  
CYFM 15C-681J  
CYFM 15C-621J  
CYFM 15C-5615 
CYFM 15C-511J  
CYFM 15C-4715 
CYFM L5C-431 J 
CYFM 15C-391J  
270 ppf 300 v 570 
240 p p f  300 v 5% 
220 ppf 300 v 5% 
2 2  ppf 300 v 570 
200 ppf 300 v 5% 
180 ppf 300 v 5% 
150 ppf 500 v 570 
120 pp f  500 v 570 
100 ppf 500 v 5% 
750 ppf 300 v 5% 
1100 ppf 300 v 5% 
0. 01 pf 30 v 10% 
15 pf 50 v 10% 
15 pf 20 v 10% 
0. 022 pf 50 v 20% 
0. 1 pf 50 v 10% 
0 047 pf 50 v 207’0 
1 / 1 0  w 12K 
1 / 1 0  w 1K 
1 / 1 0  w 2 . 2 K  
1 / 1 0  w lOOK 
1 / 1 0  w 3.  6K 
1 / 1 0  w 36K 
1 / 1 0  w 270K 
1 / 1 0  w 750K 
1 / 1 0  w 1 m e g  
1 / 1 0  w 15K 
20 p h  1% 
2 0  p h  1% 
9100 ppf 5% 
8200 ppf 300 v 5% 
7500 ppf 300 v 5% 
6800 ppf 300 v 570 
6200 ppf 300 v 5% 
5600 ppf 300 v 570 
10000 ppf 300 v 5% 
3600 ppf 300 v 5% 
3300 ppf 300 v 5% 
3000 ppf 300 v 570 
2700 ppf 500 v 570 
2400 ppf 500 v 5% 
2200 ppf 500 v 5% 
1800 ppf 500 v 570 
1500 ppf 500 v 5% 
910 ppf 300 v 5% 
820 ppf 300 v 570 g l a s s  
680 ppf 300 v 570 g l a s s  
620 ppf 300 y 5% g l a s s  
560 ppf 300 v 570 g l a s s  
510 ppf 500 v 5% g l a s s  
470 ppf 500 v 570 g l a s s  
430 ppf 5 0 0 ’ ~  570 g l a s s  



























































360 ppf 500 v 5% glass  
330 p p f  500 v 5% glass  
1200 ppf 300 v 5% glass  
1000 pp f 300 v 5% glass  
82 p p f  500 v 5% glass  
68 ppf  500 v 5% glass  
47 p p f  500 v 5% glass  
39 ppf 500 v 5% glass  
33 ppf 500 v 5% glasd 
300 pp f 300 v 5% glass  
ENCODER AND DECODER LOGIC, 49631 2, 
ONE P E R  SPACECRAFT 
Hughes C o m m e r c i a l  
Quant i ty  Number  I t e m  M a n u f a c t u r e r  N u m b e r  Note 
E n c o d e r  Commuta to r  Module A s s e m b l y  - 449446 
1 X988500-203 Capac i to r  K e m e t  
8 8  X988713-1 Diode R h e e m / F a i r c h i l d  
1 X988601-87 R e s i s t o r  A-B 
1 5  X988601-128 R e s i s t o r  A-B  
1 5  X988821-1 T r a n s i s t o r  P h i l c o  
E n c o d e r  Se lec t ion  Counter  Module A s s e m b l y  - 449448 
K1 J50K 
FD300 
C B  
C B  
2N2185 






























































X988 64 2- 64 1 
X988642-645 
X988b42-649 






X988504- 18  
X988612-693 
X988645 - 695 







Capac i to r  
Capac i to r  
Diode 
Diode 
Re s i  s t  o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s  i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
Res  i s t o  r 
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
Re s i s t o r  
R e s i s t o r  
Re  si  s t  o r  
R e s i s t o r  
Re si  s t o  r 
R e s i s t o r  
Re si  s t o r  
Re s i s t o r  
Re  si  s t  o r  
R e s i s t o r  
R e s  i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t  o r  
R e s i s t o r  
Re s i  s to r 
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
T r a n s  i s t o r  
T r a n s i s t o r  
K e m e t  
Rhe  e m /Fair  ch i  Id 
F a i r  ch i ld  




A - B  
A-B 
A-B 
Ult ron ix  
Ult ron ix  
Ul t ron ix  
Ul t ronix  
Ult ron ix  
Ul t ronix  
Ult ron ix  
Ul t ronix  
Ul t ronix  
Ul t ronix  
Ult ron ix  
U It r on  ix 
Ul t ronix  
Ul t ronix  
Ult ron ix  
Ul t ronix  
Ul t ronix  
Ul t ronix  
Ul t ronix  
Ul t ronix  
Ult ron ix  
U l t  ron ix  
Ult ron ix  
Ul t ronix  
Ult ron ix  
Ul t ron ix  
Ul t ronix  
Ul t ronix  
Ul t ronix  
Ul t ron ix  
Ult ron ix  
Ult ron ix  
Ult ron ix  
Ph i l co  
F a i  r ch i ld  
A-B  
K l J 5 0 K  




C B  
C B  
CB 
CB 






































1 p f  50 v 570 
2.4K 1 / 4  w 570 
2. 7K 114 w 570 
5. 1K 114 w 570 
51K 1 I4 w 5% 
82K 114 w 570 
lOOK 114 w 570 
360K 114 w 570 
430K 1 / 4  w 570 
1. OK 1 / 1 0  w 1% 
1 .9K 1 / l o  w 1% 
1 .96K 1 / 1 0  w 1% 
2.05K 1 / l o  w 1 %  
2.15K 1 / 1 0  w 1 %  
2. 26K 1 / 1 0  w 1% 
2.37K 1 / 1 0  w 1% 
2.49K 1 / 1 0  w 1% 
3.57K 1 / l o  w 1% 
3. 65K 1 / 1 0  w 1% 
3.74K 1 / 1 0  w 1% 
3.83K 1 / 1 0  w 17’0 
3.92K 1 / l o  w 1% 
4. OK 1 / 1 0  w 1% 
4 .02K 1 / l o  w 1 %  
4 .12K 1 / 1 0  w 1 %  
4. 22K 1 / 1 0  w 1 %  
4.32K 1 / 1 0  w 17’0 
4 .42K 1 / 1 0  w 1 %  
4 .9K 1 / 1 0  w 1% 
5. OK 1 / IO w 170 
5. 1 K  1 / 1 0  w 1 %  
5. ZK 1 / 1 0  w 170, 
5. 3K 1 / 1 0  w 1% 
5.4K 1 / 1 0  w 1% 
5. 5K 1 / l o  w 1% 
5.6K 1 / 1 0  w 1% 
5. 7K 1 /10  w 1% 
5.8K l / l G  w 1% 
5 . 9 K 1 / 1 0 ~  1% 
6 . O K 1 / 1 0 w 1 %  
6. 1K 1 / 1 0  w 1% 
6. 2K I / 1 0  w 1% 
ENCODER AND DECODER LOGIC, 49631 2 (continued) 
Hughes Commerc ia l  
Note Manufacturer Number  Quantity Number  I t em 





















































Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Capaci tor  
Diode 
R e s i s t o r  
R e s i s t o r  
Res  is tor 
R e s i s t o r  
Res  i s to r  
Res i s to r  
Res  i s to r  
Re s i s to r  
R e s  i s t o r  
Re si st o r  
Res i s to r  
Re s i s t o r  
Res i s to r  
Res i s to r  
Res i s to r  
Res  i s t o r  
Re s i s t o r  
Res i s to r  
T r a n s i s t o r  

























Fa i r ch i ld  
Philco 
Decoder  Input-Output Module Assembly - 449454 
1 X988500-47 Capacitor Kemet 
1 X988601-86 Res i s to r  A-B 
2 X988601-90 Res i s to r  A-B 
2 X988601-92 Res i s to r  A-B 
2 X988601-94 Res i s to r  A-B  
2 X988601-96 Res  i b o r  A-B 
2 X988601-98 Res i s to r  A-B 
4 X988601-101 Res i s to r  A-B 
1 X988601-110 Res i s to r  A-B 
2 X988601-117 Res i s to r  A-B 
7 X988601-118 Res i s to r  A-B 
2 X988601-119 Res i s to r  A-B 
4 X988601-123 Res i s to r  A-B 
1 X988601-127 Res i s to r  A-B 
26 X9887 13- 1 Diode RheemIFa i r ch i ld  
1 6  X988802-2 T r a n s i s t o r  Fairchi ld  
Decoder  Counter Module Assembly - 449452 
2 
20 
















Capaci tor  
Capaci tor  
Diode 
Res i s to r  
Res i s to r  
R e s i s t o r  
Res  i s t o r  
Re s i s t o r  
T r a n s i s t o r  
Kemet 
Vitramon 






Fairchi ld  
K1 JSOK 















































C B  
CB 
54967 2N871 
1 pf 50 v 10% 
2.2 pf 20 v 10% 
4.7 pf 50 v 10% 
0.01 pf 150 v 10% 
3300 p f  150 v 20% 
1K 114 w 5% 
9.1K 114 w 5% 
33K 114 w 5% 
36K 114 w 5% 
47K 114 w 5% 
51K 114 w 5% 
130K 114 w 5% 
82K 114 w 5% 
lOOK 1 / 4  w 5% 
l2OK 1 / 4  w 5% 
160K 114 w 5% 
300K 114 w 5% 
5lOK 1 I4 w 5% 
1.54K 1 / 8  w 1% 
2.49K 118 w 1% 
22.6K 118 w 1% 
36.5K 118 w 1% 
287K 100 w 1% - 
- 
9. 1K 114 w 5% 
13K 1 / 4  W 5% 
16K 114 w 5% 
20K 114 w 5% 
24K 114 W 5% 
30K 114 w 570 
39K 114 w 5% 
91K 114 w 5% 
180K 114 w 570 
2OOK 114 w 5% 
220K 114 w 5% 
300K 114 w 5% 
470K 114 w 5% 
1 p f  50 v 10% 
- 
10K 1 / 4  w 5% 
2OK 114 w 5% 
130K 114 w 5% 
180K 1 /4  w 5% 
820K 114 w 5% 
Vector  Voltage Controlled Osc i l l a to r  
P u r c h a s e d  I t em - See Specification Control Drawing 253148 
Hug he s C o m m e r c i a l  
Quantity Number I t em M a n u f a c t u r e r  N u m b e r  Note 
1 449487 C h a s s i s  
s uba s s e m b l y  
Decoder  AND Gate  Module A s s e m b l y  
156 X988713-1 Diode 
4 X988601-96 R e s i s t o r  
22 X988601-107 R e s i s t o r  



























X988601- 1 1  8 
X988601-123 
X988601-128 
X98860 1 - 1 3 3  
X988601-1 35 
X988802-2 
Capac i to r  
Capac i to r  
Diode 
R e  si s to r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s  is to r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
T r a n s  i s  t o r  
Decoder  On-Ofi Module A s s e m b l y  
26 X988713-1 Diode 
2 X388601-96 R e s i s t o r  
2 X988601-135 R e s i s t o r  
14 X988802-2 T r a n s i s t o r  
Invr r t e r Module A s s e m b 1 y 
X988601-110 








R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
T r a n s i s t o r  
Solenoid Dr ive  Input Module A s s e m b l y  
I X988500-48 Capac i to r  















X988601-1 I 1  
X988601-122 
X988601-124 
X98860 I - 134 
X988601-135 
X988802-2 
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
R e  s is to r  
R e s i s t o r  
R e s i s t o r  
R e s i s t o r  
T r a n s i s t o r  
R h e e m -  
Fair ch i ld  
A - B  
A -B 
K e m e t  
V i t r a m o n  
R h e e m -  
F a i r  ch i ld  
A-B  
A - B  
A - B  
A - B  
A - B  
A - B  
A - B  
A -B 
A - B  
A-B 
A-B 
A - B  
Fair ch i ld  
R h e e m -  
Fair ch i ld  
A - B  
A - B  
F a i r c  hild 
A -B 
A - B  
A - B  
A - B  
A - B  
A - B  
A - B  
A - B  
Fair ch i ld  
K e m e t  
R h e e m -  
F a i r  ch i ld  
A - B  
A - B  
A - B  
A - B  
A - B  
A - B  
A-B 
A - B  
A - B  
F a i r c h i l d  
FD300  
C B  
CB 
KR 3 3 J 5  OK 
VK30 C W  122K 
FD300  
C B  
CB 
CB 
C B  
C B  
C B  
C B  
C B  
CB 
C B  
C B  
C B  
S 49 67 I2N87 1 
FD300  
C B  
CB 
S4967 l2N87 1 
CB 
C B  
C B  











C B  
CB 
C B  
CB 
CB 
C B  
S496712N87 1 
24K 114 w 570 
68K 114  w 570 
0. 3 3  pf 50 v 10% 
0 .  01 pf 30 v 10% 
16K 114 w 570 
30K 114  w 570 
39K 114 w 570 
43K 114 w 5% 
47K 114 w 570 
130K 114 w 5% 
180K 114 w 5% 
200K 114  w 5% 
330K 114 w 5% 
510K 114 w 570 
820K 114 w 570 
1 m e g  114 w 570 
24K 114 w 570 
1 m e g  114 w 5% 
91K 114 w 570 
120K 114  w 570 
910K 114 w 5% 
3 .92K 114 w 1 %  
17. 4K 114 w 1% 
59 OK 114 w' 1% 
1 m e g  114 w 570 
118K 1 / 4 W  1% 
6 8K 114 w 570 
22K 114  w 570 
24K 114 w 570 
3OK 114 w 570 
IOOK 114 w 5% 
300K 114 W 570 
360K 114 W 570 
910K 1 / 4 w  570 
1 m e g  114 w 570 
APOGEE MOTOR IGNITION TIMER, 496406, ONE PER SPACECRAFT 
Hughes C o m m e r c i a l  















































X588601 - I  1 5  
X988601-132 































r ec t i f i e r  
Capaci tor  
Capaci tor  
Capaci tor  
Res i s to r  
Res i s to r  
Res i s to r  
Res i s to r  
Res i s to r  
Res i s to r  
R e  si s to r  
Res i s to r  
Res i s to r  
R e  si s t o r  
R e s i s t o r  
Res i s to r  
Res i s to r  
T r a n s i s t o r  









Res i s to r  
Res i s to r  
R e s i s t o r  
Res i s to r  
R e s i s t o r  
R e s i s t o r  
Res i s to r  
Res i s to r  
T r a n s i s t o r  
NASA/CD-S74 Decade, counter 



















F a i r  c hild 
F a i r  child 
- 













Fairchi ld  
- 
DEM-9P-NMl 
W 174 2N1772A 
KlR5J50K 













C B  
CB 
S496712N871 














1. 5 pf 50 v 20% 
0. 01 pf 150 v 2070 
1 5  pf 50 v 2070 
1 14 w 8Z0K 5% 
114 w 150K 5% 
114 w 750K 5% 
114 w l6OK 5% 
114 w 220K 570 
114 w llOK 5% 
114 w 2K 5% 
114 w 27K 5% 
1 14 w 13K 5% 
114 w 4. 7K 5% 
114 w 2. 2K 5% 
114 w 270K 591, 




1. 5 pf 50 v 20% 
1 / 8  w 71. 5K 1 %  
118 w 38 3K 1 %  
114 w llOK 5% 
114 w 22K 5% 
114 w 3K 5% 
114 w 1K 5% 
114 w 10K 5% 
114 w 6. 8K 5% 
SOLAR P A N E L ,  496501, FOUR PER SPACECRAFT 
Hughes C o m m e r c i a l  























R e s i s t o r  




T e r m i n a l  b o a r d  
Support  
Tab  
T a b  
Diode 
















4. O2K 1% 114 w 
32. 4K 1% 114 w 
5 c e l l s  p e r  module 
WIRING HARNESS, 
Hug he s 























Res i s tor  
496602, ONE PER SPACECRAFT 
Commercial  













i meg 114 w 5'7 
Appendix I11 
SYNCOM I PARTS LIST SUlldlldARY 
R e s i s t  or s 
- Quan t i ty  Descr ipt ion Manufacturer 
11 Carbon Composition 1 w a t t  5% Allen Bradley 
47 Carbon Composition Q w a t t  5% Allen Bradley 
550 Carbon Composition 4 w a t t  5% A l l e n  Bradley 
240 Carbon Composition 1/10 watt 5% Allen Bradley 
33 Carbon Film 1/8 w a t t  1% Texas I n s t .  
14 Carbon Film $ w a t t  1% Texas I n s t .  
2 Wire Wound Power Sage 
5 Wire Wound 1/10 w a t t  Ul t ronix 
2 Carbon Film Mepco 
8 Film $ w a t t  1% Allen B r a d l e y  
2 Film 1 watt 1% A l l e n  Bradley 
Tota l  914 11 Types 
C a R a c i t  ors 
232 C e r a m i c  Vitramon 
t 2 C e r a m i c  E r i e  
96 ElectrolytXc-Solid Tantalum K e m e t  
261 Glass 
115 Variable -t r immer 
39 Feedthrough-ceramic 
20 

















E r i e  
CB11RE 102 J 
Allen Bradley 
Capacitors (Cont 'd .  ) 




Total  910 11 Types 





Tota l  252 4 Types 
Transformers 
44 R . F .  
9 Power 
I 






Coast C o i l  
Hughes 
Hughes 
Type N o .  
118P 
9 09 088 -5 1 
HRDM-20 
1537 
- 3 -  
Diodes 
Quan t i t  y 











1 0  













V a r  i c a p  
Varicap 
I N 3  062 
IN485B 
8 V  Zener 
I N 3  062 
IN938 
IN3022 






Hoffman H U l O O  
Hoffman 





Microwave A s s .  
Microwave Ass. 
Microwave A s s .  




F a i r c h i l d  
F a i r c h i l d  
Motorola 


















- 4 -  
Diodes (Cont ' d .  
Quan t i t y 
2 
2 
1 
1 
Total 614 
Transistors 
2 
10 
47 
6 
145 
4 
3 
3 
47 
1 
4 
1 
4 
4 
48 
1 
Total 330 
~ 
Description 
IN198 
IN748A 
28 Types 
TIX2150(SP352) 
2N708 
2N722 
2N871 
(SP345) 
2N707A 
.2N1506 
2N1405 
2N1411 
2N1724 
2N1141 
2N1041 -Z 
2N2185 
2N1709 
16 Types 
Manufacturer 
Hughes 
PSI 
PSI 
Motorola 
TI 
PSI 
Fairchild 
TI 
Fairchild 
TI 
Motorola 
PSI 
TI 
TI 
TI Fairchild 
TI 
Philco 
PSI 
4243 
SR3 96 
s4979 
2150 
S4967 
TIX2150 
SP341 
GN0150 
S4967 
GP422-2 
PRT673 
